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Kove. CITY meeting of the A. I. 
E.E. South West District offers a 
program of attractive technical subjects, 
good entertainment, and profitable in- 
spection trips. (See pp. 757-9.) 


T¢ GIVE a timely résumé of technical 
papers presented at the recent Pacific 
Coast convention and also to provide 
opportunity for ordering copies without 


’ further delay, abstracts of these papers 


not already treated in Enmecrrican 
ENGINEERING are included in this issue. 
(See pp. 753-6.) 


Paice engineers,. particularly those 
engaged in load-scheduling activities, 
may be interested in an analysis and 


comparison of different methods of 
generating station loading. (See opp. 
792-27.) 


Ax EXECUTIVE of one of the lead- 
ing electrical manufacturing companies 
gives his conception of ‘‘Industry’s New 
Responsibilities,’ as related to the 
present business depression. (See pp. 
719-21.) 


Naw institute officers and committees 
for 1931-32 recently have been an- 
nounced. (See pp. 771-6.) 


J eee from the letters received, 
the Engineering Foundation series, ‘‘Has 
Man Benefited by Engineering Prog- 
ress,’’ has aroused considerable interest 
among the readers of ExectricaL Enat- 
NEERING. (See pp. 766-7.) The second 
article of this group predicts further 
decentralization of industry. (See p. 741.) 


A FURTHER example of Eiectrican 
ENGINEERING’s policy of reflecting the 
effects of engineering upon human rela- 
tionships may be found in a discussion on 
“The Engineer in Civie Affairs.” (See 
pp. 727-80.) Correspondence is invited 
upon any phase of this all-important 
subject. 


A PORTION of the forthcoming 
Faraday centennial to be held in London 
will be rebroadcast over the National 
Broadcasting Company’s network. (See 
p. 760.) 
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The Mokelumne 


Hydroelectric Project 


California's latest hydroelectric devel- 
opment activities are centered in the 
Mokelumne River property of the Pacific 
Gas and Electric Company. ‘This project 
involves the complete redevelopment of 
the river, from water surveys to power dis- 
tribution, and will make available a billion 
kilowatt-hours annually, ten times the output 
of a 1902 development on the same stream. 


By 
E. A. CRELLIN 


Fellow A. I. E. E. 


Pacific Gas and Electric 
Company, San Francisco 


N.. OFTEN does an addition of 
generating equipment to an operating system involve 
all of the features of a complete power system, from the 
study of water storage and usage, all the way through 
generation and transmission to the step-down sub- 
stations. It is this aspect of the Mokelumne River 
development of the Pacific Gas and Electric Company 
(Calif.) which seems to make it of more than passing 
interest. Hydroelectric features are treated in this 
article; a companion article (see pp. 718-718) dis- 
cusses the transmission and distribution problems. 


The Mokelumne River is one of the pioneer power 
streams of California. Its source is in Alpine County 
approximately 20 mi. south of Lake Tahoe at El. 
9,700 whence it flows in a general southwesterly 
direction for some 120 mi. to a point where its waters 
join the San Joaquin River on their way to the Pacific 
Ocean through San Francisco Bay. The lower 60 mi. 
of the river is quite flat, lying at an elevation of less 
than 200 ft. above sea level. 

The discovery of gold and its accompanying need for 
water for mining operations brought about the first 
developments on the Mokelumne River in the fall of 
1857. A company formed in that year, and its suc- 
cessors continued in the water supply business until 
the properties were acquired by the Standard Electric 
Company of California in the late nineties for the pur- 
pose of generating power for transmission to San 
Francisco, 110 mi. away. Electra power house and its 


From ‘The Mokelumne River Development of the Pacific Gas and 
Electric Company,” (No. 31-130) presented at the A.I.E.E. Pacific 
Coast convention, Lake Tahoe, California, Aug. 25-28, 1931. 
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associated 60-kv. transmission line were placed in 
service May 6, 1902, one of the pioneer hydroelectric 
and high-voltage transmission projects of the world. 
In 1907 the original installation of five 2,000-kw. units 
was increased by the addition of two 5,000-kw. genera- 
tors; for the past 29 years the plant has been in con- 
tinuous operation. 

Water storage facilities on the upper reaches of the 
Mokelumne totaled approximately 25,000 acre-ft. 
divided among several small reservoirs at relatively 
high altitudes. This water released as needed to aug- 
ment the natural flow of the river was diverted in the 
vicinity of the junction of Tiger Creek and the 
Mokelumne River into two canals (each approxi- 
mately 20 mi. long and with a combined capacity 
of some 200 sec-ft.) for delivery into the forebays above 
Electra power house. The annual output of power from 
the system was approximately 100,000,000 kw-hr. 
The foregoing introductory remarks are intended to 


Looking down upon Salt Springs power house from 
the crest of Salt Springs dam. Part of main quarry 
floor may be seen in right of background 
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MOKELUMNE RIVER DEVELOPMENT 


PACIFIC GAS ano ELECTRIC CO, 


Plan and profile of Mokelumne River Development of the Pacific Gas and Electric Company (Calif.) 


disclose the conditions existing at the time studies for 
the development of additional power on the Mokelumne 
River were begun. 


WATER SUPPLY DEVELOPMENT 


The upper portion of the Mokelumne River was 
relatively inaccessible and as a result, actual water 
record data for the upper portion of the water shed 
were not available. From 1906 to the present time, 
complete records of stream flow have been kept of 
readings taken at gaging stations located near the 
diversion into the conduits supplying water to Electra 
power house; and beginning with the early spring of 
1924, additional gaging stations were installed at 
strategic locations on the upper river and certain tribu- 
tary streams. The information obtained from these 
later stations was studied in connection with the long- 
time record of the original stations and runoff and 
storage possibilities were analyzed for 24 consecutive 
seasons. Runoff characteristics for the upper and 
lower portions of the river vary during the different 
months of the year. During the winter and early 
spring precipitation on most of the upper basin is in 
the form snow, while that on the lower portion of the 
development is rain. From the extensive water supply 
studies and accurate topographic maps it was possible 
to determine the most advantageous storage sites and 
to plan a comprehensive development for the most 
economical utilization of the water. A tabulation was 
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prepared to show the probable use of storage water in 
maintaining a more or less uniformly regulated flow at 
the forebays of the various plants. Calculations of 
energy output showed that the average year would 
yield approximately 918,000,000 kw-hr., with 
1,038,000,000 for a year of full supply and 489,000,000 
for the dry-year period. 

Consideration was given to the necessity of having 
peak output sufficient to meet system load conditions 
at all times, it being assumed that for dry years the 
peaks would be met by hydro power with steam power 
carrying the base load. Economic studies showed that 
the Mokelumne River development required back-up 
steam capacity of about 35 per cent of the peak, the 
hydro capacity representing 65 per cent of the peak. 
Likewise consideration was given to providing for the 
maximum release of stored water during the summer 
months (for the benefit of irrigation interests on the 
lower reaches of the river) which was consistent with 
maintaining peak demand throughout the late fall and 
winter. When the project is entirely completed it will 
involve a total water storage of some 200,000 acre-ft. 
and the generation of 1,000,000,000 kw-hr. annually, 
a tenfold increase over the original Electra development. 

Two major storage reservoirs, the one on the 
Mokelumne River known as Salt Springs reservoir, 
the other on one of the principal upper tributaries and 
known as lower Bear River reservoir, will impound the 
runoff waters from their respective drainage areas. 
The regulation of flow in the Mokelumne River made 
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possible by these two storage reservoirs together with 
the smaller reservoirs already in service, is the principal 
factor contributing to the increased power output. 
The spillway at Salt Springs dam is at El. 3,947; that 
of the Bear River dam at El. 5,816. The center-line 
elevation of the nozzles of the waterwheel units to be 
installed in the proposed rebuilding of Electra power 
house is at El. 685. Thus there is provided a total 
gross head of 3,262 ft. and 5,131 ft. respectively from 
the two main sources of storage, which head will be 
utilized in four steps by four power houses. 


SALT SPRINGS DAM 


The rock-fill dam chosen for the major Mokelumne 
development is believed to be one of the safest kinds of 
dam that can be built. (This type of dam has been 
very successful in California.) The canyon which is 
of solid granite made available at the dam site ample 
material for its construction. The inaccessible nature 
of the location necessitated the construction of approxi- 
mately 50 mi. of roadway suitable for heavy trucking, 
and required the hauling of all materials involved over 
this entire distance by motor transport. The high 
cost of concrete materials at such a site made the esti- 
mated cost of a rock-fill dam approximately $2,000,000 


Looking down the penstock toward Tiger Creek 


power house. The transmission line right-of-way 
may be discerned on the mountains opposite 
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less than would have been the case for a suitable con- 
crete dam. Modern large-scale construction equipment 
was used on the job, including electrically operated 
shovels to load the rock cars and storage-battery 
locomotives to haul them. 

Rock for the dam was obtained from quarries at 
different levels near the north abutment of the dam and 
from the spillway excavation on the south bank. The 
usual quarrying methods followed featured several 
“big shots,’’ each of which required in excess of 50 tons 
of powder and brought down approximately 200,000 
cu. yd. of granite. 

The dam rises 328 ft. above the stream bed, has a 
crest length of 1,300 ft., is 900 ft. thick at the base, 
and contains approximately 3,000,000 cu. yd. of ma- 
terial. Approximately 225,000 cu. yd. of rock were 
derrick-placed to a uniform thickness of 15 ft. over the 
entire upstream face of the dam. This placed rock 
forms a foundation for’ an outer facing of reinforced 
concrete which covers the entire upstream slope, vary- 
ing in thickness from 36 in. at the bottom to 12 in. at 
the top. Concrete was placed in continuously poured 
60 x 60 ft. panels of heavily reinforced concrete, each 
completely isolated from its neighbors by expansion or 
contraction joints fitted with copper water seals. The 
horizontal joints were poured concrete-to-conecrete ex- 
cept for a coating of asphaltic material; vertical joints 
were provided with a 1-in. spacing which was filled with 
asphaltic compounds to permit lateral movement. 

To compensate for probable settling the crest of the 
dam was crowned to a maximum of from 6 to 7 ft. 
above the theoretical crest line. To take care of down- 


A typical section of concrete flume 


707 


Elev. 39584 


Spillway Quarry level £E/ ?HO.2 


/f natura/ slope of loose rock 
ti/1 1s steeper than /4to/, 
dam is fo be over bui/4 as 
indicoted 


Loose rock fi// 


Compacted boulder deposit 


VAWIAIAVIA, 


ke sa TRUER TAIT 


Solid rock 


__Main quarry level E/F805.2 __ 


Fill from smel/ quarry 62’ 
neor upstream roe 


ety 
* 
Keintorceed concrete facing. YX 
10, 
iS 9 
88 
*® iS 
gk 
NY 
8 a 
aS Timber focing to be ploced ontop 
a SG of concrete slab below E/.3710.2 
LL 3710.2 E 5 
a a Paka 
parE Sao ae ING Backfill 
ZF PRA EN yy, SE ESTP 
SO 
AVAVAN AIK 


oO 
N 


Maximum cross-section of Salt Springs dam 


stream settling resulting from reservoir water pressure 
the upstream face was designed and constructed with 
an upstream convexity in plan. For similar reasons 
and to prevent possible buckling of the concrete face, 
the face was concave to the water surface in vertical 
section. The facing contains about 30,000 cu. yd. of 
concrete, has an area of about 9.2 acres, and is anchored 
to concrete cut-off walls extending vertically from 5 
to 25 ft. into solid granite. Grout holes extend some 
50 ft. below the bottom of the cut-off wall. 

Salt Springs reservoir has a capacity of 130,000 
acre-ft., is 4 mi. long, has a maximum width of 0.75 mi. 
and floods 925 acres. A spillway with a crest length of 
625 ft., channeled in the south side of the gorge ad- 
jacent to the dam, has a capacity of 48,000 sec-ft., 
providing a capacity of 300 sec-ft. per sq. mi. of drainage 
area with a freeboard of 8 ft. 

Outlet works at the north end of the dam consist of 
two 10-ft. steel pipes inserted into the downstream end 
of a 19-ft. concrete-lined tunnel, built originally as a 
diversion tunnel to facilitate construction of the dam. 
Each pipe is provided with a 129-in. hydraulically 
operated butterfly valve and then is extended on into 
the river channel where it ends in a 78-in. butterfly 
valve designed for free discharge. ‘These valves are 
provided to permit unwatering the reservoir at the rate 
of approximately 10,000 acre-ft..per day in case of 
emergency, and are designed for a maximum head of 
275 ft., making them the highest-head free-discharge 
butterfly valves yet installed. 

A branch from one of these pipes forms the 8-ft. 
penstock to the generating unit installed in Salt Springs 
power house a few hundred feet downstream from the 
dam. A branch from the other pipe ends in a 54-in. 
needle valve in which is incorporated an energy absorber 
of the through-baffle type which discharges into the 
power house tailrace forming a bypass to supply water 
to the Tiger Creek conduit, (which heads in the tailrace) 
when the Salt Springs unit is shut down or when it is 
operating under reduced head. 
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BEAR RIVER WATER SUPPLY 


Bear River, one of the principal tributaries of the 
Mokelumne River, falls at a very rapid rate from a 
drainage basin high in elevation, the fall in the last 6 mi. 
above its junction with the Mokelumne being more than 
2,500 ft. A projected 200-ft. dam will form a new Bear 
River reservoir, adding 34,000 acre-ft. to the storage 
capacity. Through a tunnel approximately 2.5 mi. in 
length this will serve a generating unit to be placed in 
the Salt Springs power house. The junction of the 
penstock and tunnel will be formed in a surge chamber 
to be excavated in solid rock, with a crest elevation 
above high water in the projected lower Bear River 
reservoir just mentioned. This will permit the water 
from Cold Creek, (a stream adjacent and similar to 
Bear River but lacking in storage sites) to be diverted 
through this surge chamber to serve either the Salt 
Springs unit or for storage in the lower Bear River 
reservoir. Any spill from these sources may be stored in 
Salt Springs reservoir. The arrangement is ideal from 
the standpoint of ease in using the runoff from the dif- 
ferent sources and insures complete conservation of all 
water resources for maximum usage. 


SALT SPRINGS POWER HOUSE 


Salt Springs power house will be unique in that its two 
generating units will be radically different in design. 
Two sources of water are available to this plant: the 
water released from storage in Salt Springs dam under 
a static head of 244.5 ft., and water released from stor- 
age in lower Bear River reservoir under a static head of 
2,089 ft. In the first case the head and water quantities 
require the installation of a Francis-type turbine, while 
the latter can be utilized only through an impulse 
wheel. In general, a vertical turbine with its draft-tube 
setting requires a power-house floor level considerably 
higher above tail-water elevation than is desirable with 
an impulse-wheel installation; hence, to maintain the 
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power house floor on a single level, the cooperation of 
the turbine builder was sought in the final designs and 
the unit was constructed to permit its setting at an 
elevation which also would accommodate the impulse 
wheel. Although the high-head unit will be installed 
at a future date considerable progress in the preliminary 
design of the impulse-wheel unit was required to deter- 
mine with some degree of accuracy what its probable 
dimensions would be. This also required cooperation 
with the waterwheel builders. Preliminary designs were 
all based on the desire to secure a plant which would 
make for convenience in operation. 

The Francis-type turbine is a vertical-shaft unit 
designed to pass 550 sec-ft. at heads as low as 175 ft. in 
order to accommodate the lowered level of water 
behind the dam as storage is withdrawn. In effect, to 
maintain full load on the generator this requires a 
turbine which must be operated at part gate under 
maximum head conditions and with gate openings in- 
creasing as the head falls. At heads less than 175 ft., 
water will be bypassed around the turbine into the 
tailrace to maintain the conduit flow at full capacity. 
The turbine is rated at 13,500 hp., 300 r. p.m., and 
drives a vertical-shaft waterwheel generator rated at 
11,000 kva., 11 kv., 60 cycle, 0.85 power factor. The 
generator is mounted on a concrete pedestal above the 
turbine and is totally enclosed with surface air coolers 
arranged at four points around its circumference. 
Contrasted to this will be the horizontal shaft unit 
installed to utilize the water from Bear River, an over- 
hung impulse unit capable of developing approxi- 
mately 35,000 hp. at 300 r. p.m. to drive a generator 
having a probable rating of 30,000 kva., 11 kv., 60 
cycles, 0.85 power factor. 

Both units will discharge into the same tailrace which 
forms the intake for the conduit supplying water to 
Tiger Creek power house. The capacity of the Tiger 
Creek conduit is 550 sec-ft. and it is desired to maintain 
this flow practically constant to supply water to Tiger 
Creek power house downstream. At full load the Salt 
Springs turbine unit will pass 550 sec-ft. and deliver 
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power up to the 11,000-kva. rating of its generator, 
while the impulse unit will pass approximately 180 
sec-ft. and deliver power up to the full rating of its 
generator, about 30,000 kva. Thus it is seen that by 
properly adjusting the load between the two generating 
units in the plant it will be possible to maintain a 
constant flow in the conduit at plant outputs which 
will vary between the limits of 11,000 kva., or less, 
and 37,500 kva. 


At Salt Springs each generator is connected to a main 
bus through a single truck-type oil circuit breaker. 
Two similar breakers, so arranged as to be interchange- 
able with the main generator breakers, feed power from 
the main bus into the station power transformer bank. 
The added cost of the extra large breakers thus re- 
quired for the service demands was greatly offset by 
the simplicity of the arrangement and the possibility of 
taking any oil circuit breaker out of service for inspec- 
tion or repairs without any loss in plant output. From 
the main 11-kv. bus, leads run direct to a bank of three 
12,000-kva., 11/110-kv. water-cooled transformers. 
A spare transformer may be substituted for any unit 
in the bank by means of air-break selector switches. 
Output from bank is fed through a 115-kv. oil circuit 
breaker into a single-circuit steel tower transmission 
line for delivery to the main 220-kv. transformer banks 
at Tiger Creek power house. 


TIGER CREEK CONDUIT 


The 17.3-mi. Tiger Creek Conduit terminates in a 
regulating reservoir on Tiger Creek from which a 
625-sec-ft. conduit extends 2.6 mi. to a 40-acre-ft. 
forebay at the head of the Tiger Creek penstock. 
The conduit is composed chiefly of a reinforced con- 
crete flume with a water section of 84 sq. ft. and a water 
depth of 6 ft. In addition to the flume there are two 
93-in. steel siphons totaling 0.23 mi. in length, and 2.5 
mi. of 10 x 11.3-ft. unlined tunnel. 

Topography in the vicinity of the site chosen for 
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the Tiger Creek power house did not offer any suitable 
location for a forebay of sufficient capacity for the 
regulation of flow in the conduit and the carrying of 
peaks of short duration. Accordingly, a compromise 
was made by the creation of a pond known as the Tiger 
Creek regulator, about 2.6 mi. upstream from the fore- 
bay site, formed by a buttressed-slab concrete dam 
approximately 100 ft. high on Tiger Creek. The upper 
18 ft. of the reservoir thus formed provides a storage 
capacity of about 175 acre-ft., sufficient to permit 
peaking Tiger Creek plant for 20 hr. each day when full 
diversion is being made into the head of the Tiger 
Creek conduit. About 30 min. are required for water 
released at the regulator to reach the forebay, and the 
available capacity in the forebay is sufficient to provide 
peaking during this interval. 

Automatic gates at the outlet of the regulator reser- 
voir maintain a constant flow in the conduit regardless 
of the height of water behind the gates discharging 
into the canal. Leads from the float controls have been 
carried to the switchboard room in Tiger Creek power 
house, enabling the operator to maintain any desired 
rate of flow between the regulator and forebay. The de- 
sign of this automatic gate control equipment was 
perfected several years ago in connection with the 
control of water discharged from the afterbay at Pit 
River No. 3 power house where it has performed in 
every respect exactly as planned. 


TIGER CREEK POWER HOUSE 


The penstock consists of a single 4,750-ft. steel pipe 
varying in diameter from 102 in. at the top to 72 in. at 
the Y outside the power house. About 4,000 ft. of the 
upper portion of the pipe is of riveted steel with rivets 
countersunk on the inside of the pipe; the lower portion 
is seamless. At the Y the pipe branches into two 52-in. 
lines and again into four 36-in. lines to serve the four im- 
pulse wheels of the two double-overhung units. 

Tiger Creek power house is the controlling station for 
the 220-kv. transmission lines constructed to receive 
the power generated by the waters of the Mokelumne 
River and to transmit it to the load centers at Newark 
and Herndon. To charge the 109-mi. 220-kv. line 
between Tiger Creek and Newark requires approxi- 
mately 25,000 kva. which made desirable a minimum 
capacity for each generator of not less than that amount. 
Experience has indicated that it is much better to be 
able to charge a transmission line with a single unit 
than to attempt this function with two units in parallel. 
The extremely low excitation of the generator at times 
of charging an unloaded transmission line renders the 
parallel operation of generators unstable and makes 
their control exceedingly difficult. For this reason 
plant operation is very greatly facilitated if a line which 
is taken out of service for any reason can be charged 
from a single unit. Also it renders unnecessary the 
unloading of a second unit in order to make it available 
for line-charging purposes. 
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Static head and water quantities available at Tiger 
Creek indicated that the plant should have approxi- 
mately 60,000 kva. in generator capacity, indicating at 
once that a two-unit layout was the proper one. Each 
waterwheel unit was designed to deliver 36,000 hp. at 
225 r.p.m. under a net effective head of 1,190 ft. 
Generators are rated 30,000 kva., 11 kv., 60 cycles, 
0.85 power factor. These waterwheel units are well up 
towards the maximum size practical for the head and 
water quantities available at Tiger Creek and in 
physical dimensions rank among the largest impulse 
wheels ever constructed. 

Many refinements have been incorporated in the 
design of the wheels. A straight-flow needle nozzle has 
been designed introducing into the water flow a mini- 
mum disturbance, thus giving a uniform, compact jet 
delivering maximum power to the waterwheel buckets. 
The power needles are operated by the governor servo- 
motors and, as a water conservation measure, are 
arranged for slow closure upon load rejection in much 
the same manner that the relief valve closes on a large 
hydraulic turbine installation. Linked with the 
governor and needle-operating mechanism is a jet 
deflector in the form of a collar surrounding the jet 
which operates to remove water from the wheel in- 
stantly upon load rejection. The combination of jet 
deflector and slow-closing needle is ideal for an impulse- 
wheel installation in that it makes possible the quick 
diversion of water from the wheel without disturbing 
the flow in the penstock with its attendant surge. 
This permits economies in the installation through 
reduced penstock cost and the omission of a surge 
chamber. 

Simplicity of plant layout was the aim throughout 
the design of Tiger Creek power house. Each generator 
with its associated step-up transformer bank is con- 
sidered as a unit; there is no oil circuit breaker between 
the generator and the low-voltage side of the trans- 
former. The electrical ‘connections are extremely 
simple. A steel bus structure containing four 11-kv. 
truck-type oil circuit breakers is installed in the bus 
room, two of the breakers serving to connect the gen- 
erators to an 11-kv. bus for the purpose of synchroniz- 
ing before closing the main 220-kv. breakers. When 
the units are in parallel on the high-voltage side of the 
transformers, one of these breakers is opened separating 
the units on the generator side; the other remains closed 
to supply power for station requirements. The re- 
maining two truck-type breakers are for the station 
power transformer bank. As at Salt Springs, these 
four breakers are interchangeable. 

Each generator is provided with a direct-connected 
exciter and pilot exciter both controlled by voltage 
regulators. A spare exciter set is installed between the 
main generating units and arranged to be driven either 
by an impulse waterwheel or an induction motor. 
Each waterwheel has its individual governor oil pres- 
sure system with duplicate oil pumps, one motor driven 
and the other driven by a small impulse wheel. For 


ELECTRICAL ENGINEERING 


normal operation the motor-driven pump maintains the 
oil pressure, but suitable controls have been provided 
so that any failure of supply from the motor-driven 
pump automatically will start the water-driven pump 
to reestablish governor oil pressure. 

The switchboard is in the switch and bus section of 
the power house on the level of the generator floor and 
midway between the units. To facilitate operation 
all equipment requiring frequent attention has been 
installed on the main power house floor, and consider- 
able thought has been given to the convenience of the 
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location of equipment from an operating standpoint. 
Equipment requiring infrequent inspection has been 
placed on the second floor of the power house and the 
general layout of the plant has followed the idea of 
making operation possible with a normal shift consisting 
of a first and second operator. The duty of the first 
operator will be the switchboard, while the second 
operator will be available for oiling and operation of 
the disconnecting switches in the outdoor switch yard. 

The two banks of step-up transformers have com- 
bined double and auto-transformer windings, each 
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bank providing both a 30,000-kva. capacity for step- 
ping up the incoming power from Salt Springs power 
house from 107.5 to 215 kv., and a 30,000-kva. tertiary 
capacity sufficient to care for one Tiger Creek generator. 
The transformer banks therefore will have a total ca- 
pacity of 60,000 kva. each. A spare unit is arranged 
for emergency substitution in place of any of the six 
regular units. 

To regulate water discharge from Tiger Creek plant 
for diversion to the next lower plant, an afterbay has 
been provided by constructing in the Mokelumne River 
some 2 mi. below the plant a concrete arch dam about 
100 ft. high. This dam caused the flooding of about 
100 acres, creating a reservoir of 300-acre-ft. capacity 
in the top 3 ft. 


WEST POINT POWER HOUSE 


The last of the four power houses in the Mokelumne 
project, but the one immediately downstream from 
Tiger Creek, will be known as West Point power house, 
the location and construction of which was influenced 
by the existence of the present Electra power house. 
Diversion of water for West Point will be made from 
Tiger Creek afterbay about 3 ft. from the top of the 
dam into a 4-mi. conduit which will connect with the 
West Point penstock providing a 285-ft. static head. 
No forebay facilities being available, the plant will be 
designed to operate at 100 per cent load factor with a 
maximum flow of 575 sec-ft. A single vertical turbine 
driving a 15,000-kva., 11-kv. generator will be installed 
and the plant will be laid out for full automatic opera- 
tion, with certain controls carried back to Tiger Creek 
power house. Generated power will be stepped up to 
60 kv. to supply the demands now served by the present 
Electra plant, making West Point the only plant on 
the Mokelumne system not regularly feeding into the 
220-kv. transmission system. 


ELECTRA POWER HOUSE 


Construction of the new Electra power house and 
conduit will follow immediately upon the completion 
of the Salt Springs-Tiger Creek development—probably 
in the fall of 1931. The static head to be developed at 
Electra is 1,265 ft. and the water flow 575 sec-ft. The 
two waterwheels will have a slightly greater horse- 
power rating than Tiger Creek, 37,500 hp. each at 
225 r.p.m., but their almost identical physical di- 
mensions will permit the construction of a duplicate 
power house. One factor is present in the Electra 
designs which was not at Tiger Creek; the presence of 
an excellent 1,158-acre-ft. forebay in Lake Tabeaud. 
This will permit considerable peaking at Electra and 
all designs are being made so that a third unit for 
peaking may be added later. 


Power generated at Electra will be stepped up 
through two banks of transformers to 220 kv. for con- 
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nection to the Tiger Creek-Newark transmission lines. 
It will be necessary also to provide for supplying power 
to the 60-kv. and 17-kv. systems now taking the output 
from the present Electra plant. 


GENERAL 


The peak load on the system of the Pacific Gas and 
Electric Company and associated companies reached 
853,300 kw. July 1930. In the decade 1920-1930 the 
load on the system has grown at the average annual 
rate of 7.25 per cent, requiring the addition of some 
40,000 kw. of new generating capacity each year. 
The new capacity was provided partly in steam-driven 
units and partly in hydro, the ratio of the two types of 
prime movers for the entire system up to 1930 being 
approximately two to five. 

Prior to the advent of natural gas as a fuel in central 
California, and before the recent great increased steam 
plant economies, hydroelectric plants with their rela- 
tively long transmission lines were able to deliver power 
to the consumer at prices which made the development 
of the hydro resources of the state economically attrac- 
tive. Now the picture has changed and natural gas has 
placed the cost of power from the two sources approxi- 
mately on a par. A relatively slight variation either 
way in the cost of fuel may have great influence on the 
type of future generating equipment. 

The power peak growth of the system for the next 
five years will approximate 50,000 kw. annually. 
This is favorable to hydroelectric power in that it 
permits full development of a river over a short period 
of time, thus dividing the cost of water storage among all 
plants on the stream and reducing the fixed charges 
per kw-hr. generated. In order to produce hydroelectric 
power on the most economical basis, hydro plants in 
California must operate on the highest possible load 
factor. The average annual load factor for the system 
of the Pacific Gas and Electric Company is approxi- 
mately 62 per cent and all studies for the plants on the 
Mokelumne River, with the exception of the 100 per 
cent load factor plant at West Point, were on the basis 
of 85 per cent load factor. Such operation will be pos- 
sible in each year with normal or above normal rainfall. 
Studies of runoff over a 24-year period have indicated 
that the average annual output will be 88 per cent of the 
maximum possible during the wettest year recorded, 
with a 47 per cent output during the extreme dry year. 
On the Mokelumne River normal plant operation will 
be on base load with system peaks carried by steam. 
This condition may be reversed on extreme dry years 
when the economic use of stored water dictates its use 
for the carrying of peak loads. 

The total cost of the Mokelumne River development 
as here outlined, including transmission and the in- 
creased capacity at Newark Substation, is practically 
$39,000,000. The entire design and construction of the 
project have been carried out by the regular personnel 
of the Pacific Gas and Electric Company. 
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Power Distribution 
tom Mokelumne Plants 


To carry 150,000 kw. of hydroelectric 
energy from the mountains of California to 
the San Francisco Bay area and there dis- 
tribute it, required the construction of an 
entirely new 220-kv. transmission system 
and the development of a one-time 60-kv. 
substation into a major system switching 
center interconnecting 60-, 110-, and 


290-kv. lines. 
By 
E. M. WRIGHT 


Member A. I. E. E. 


Both of the 
Pacific Gas and Electric 
Company, San Francisco 


B. D. DEXTER 
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A. INDICATED in the preceding 
article which describes the power development features 
of the Mokelumne River project of the Pacific Gas & 
Electric Company (Calif.) one of the most unique 
features of the project was the fact that it required the 
building of practically a complete new system within a 
system already operating. The transmission and dis- 
tribution phase of the project involved the construction 
of 17 mi. of 110-kv. single-circuit line to interconnect 
the upper two generating plants; the construction of 
109 mi. of twin-circuit 220-kv. transmission line to a San 
Francisco Bay terminal station, the stringing of a 100- 
mi. 220-kv. intersystem tie line (on existing towers) 
and the creation of a 249,000-kva. dual terminal station 
providing intrasystem ties; and accommodating the 
two 220-kv. Mokelumne line, sixteen 110-kv. circuits, 
and three 60-kv. circuits. 

In developing this dual substation, which is located 
at Newark, an unusual situation was involved. Other 
stations previously chosen as transmission line centers 
and designed with the idea of future expansion in 
many cases had failed to develop their expected im- 
portance due to the shifting of load centers or to 
changes in transmission voltage. Although not 
originally considered as likely to be greatly expanded, 
Newark station has grown through a step-by-step 
process (including the Mokelumne River project as a 


From ‘‘Power Transmission and Distribution From the Mokelumne 
River Development of the Pacific Gas and Electric Company,” (No. 
31-131) presented at the A. I. E. E. Pacific Coast convention, Lake Tahoe, 
Calif., August 25-28, 1931. 
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major part) into the largest and most important trans- 
mission center on the entire system. It is worthy of 
comment that in spite of the many additions and the 
changing importance of its position, the flexibility of 
the unit structures used has allowed it to develop into a 
rational arrangement. 

As a result of an extended economics study and a 
review of the operating facilities involved, a nominal 
line voltage of 220 kv. was adopted. To facilitate future 
interconnection with the Vaca-Dixon substation (south- 
ern terminus of the company’s 220-kv. Pit River sys- 
tem) the receiving voltage at Newark substation (the 
San Francisco Bay terminal station) was set at 200 kv. 


_ To enable the generators to operate at unity or lagging 


power factor and thereby require the high excitation 
essential for good stability, the voltage at the Tiger 
Creek end of the line was set at 215 kv., thus providing 
for charging current to be supplied from the receiving 
end. 


TOWER DESIGN 


The 220-kv. Mokelumne River transmission line 
starts from Tiger Creek power house switchyard at El. 
2,400, terminates at Newark substation at El. 7, and 
in general involves two types of towers, two types of 
conductors, three different loading zones, and three 
zones of insulation. 

In the heavy loading area, including the first 16 mi. 
of line out from Tiger Creek, there are two lines of 
single-circuit snow-type towers set in concrete founda- 
tions. These towers accommodate a horizontal con- 
figuration providing a 20-ft. spacing between conduc- 
tors, and are designed for a loading of 1% in. of ice, and 
a wind loading of 6 lb. per sq. ft. at 0 deg. fahr. (Fig. 2.) 

The next 11 mi. of line through the lower foot-hills 
are designed for a medium loading of 14 in. of ice and a 
wind load of 6 lb. per sq. ft. at 0 deg. fahr. In that 
section of the line there are twin-circuit steel towers 
set in concrete foundations. These towers permit a 
semi-vertical configuration for both circuits, providing 
a 15-ft. vertical clearance between conductors, a 28-ft. 
horizontal separation between the top wires and the 
bottom wires of the two circuits, and a 38-ft. separation 
between the center wires. (Fig. 3-left.) 

The remaining 82 mi. of line comprises the light- 
loading area where the design is based upon a wind 
load of 8 Ib. per sq. ft. and 25 deg. fahr. In the upper 
53 mi. section of this portion of the line, which crosses 
California’s great central valley of the San Joaquin, 
the towers used are the same as in the previous 11-mi. 
section except that the middle conductors are not offset, 
the configuration being strictly vertical. The remain- 
ing 29-mi. section of line traverses a hilly country 
which is considered to be a fog area. In this lower 
section of the line the tower structures have the same 
steel below the crossarms as in the two-circuit structures 
of the previous section. With the upper tower design 
modified to provide a vertical separation of 18 ft. 
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110-, 

220-ky. transmission system of the Pacific Gas 

and Electric Company and the San Joaquin Light & 
Power Corporation 


Map showing the 165-, and 


The Mokelumne circuits may be traced as the heavy lines 
starting at Salt Springs. The triangles indicate substations; the 
solid circles, major steam plants; the heavy open circles, pro- 
posed steam plants. Distances may be scaled at about 98 mi. 
per in. as shown 


between conductors and a horizontal separation of 
33 ft. between circuits. These larger spacings are 
used to permit the required increase in insulation. 
(Fig. 3-right.) 

In the 17 mi. of 110-kv. line which interconnects the 
Salt Springs power house with the Tiger Creek power 
house, single-circuit snow-type towers set in concrete 
foundations accommodate a flat configuration of 
conductors providing a 14.5-ft. horizontal spacing 
between conductors. This line starts at El. 3,800, 
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reaches El. 5,000 at about its midpoint, and terminates 
at Tiger Creek at El. 2,400. ; 

Normal spans on the 110-kv. line are 600 ft. although 
there are several long spans ranging between 1,500 and 
2,100 ft. On the 220-kv. main transmission line the 
normal span for snow-type towers is 600 ft.; for the 
twin-circuit towers 800 ft. Extra long spans in the 
220-kv. line range from 1,000 to 1,800 ft. in length. 
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Fig. 2. 220-kv. tower line near Tiger Creek 
power house 


Towers of the same type but of increased strength are 
used where necessity requires it, but no dead-ends or 
semi-strains are used unless required for. angles, up- 
strains, or crossings. Transposition throughout are 
of the rolling type without dead-ends. (See Fig. 4.) 


CONDUCTORS 


As a result of extensive tests made at the Ryan 
laboratory, Stanford University (Calif.) two different 
standard types of cables were chosen for the 220-kv. 
line. Throughout the heavy- and medium-loading 
area comprising the upper 27 mi. of the line, 518,000- 
cir. mil steel-reinforced aluminum cable, having an 
outside diameter of 1 in., was selected. The stranded 
steel core in this cable is approximately 5 in. in diam- 
eter. In the lower 82-mi. section of the line where 
conductivity as well as corona loss were of primary 
importance, 500,000-cir. mil hollow-core copper con- 
ductor of 1-in. outside diameter was chosen. This 
cable consists of two layers of wires laid over a twisted 
copper I-beam. 

With the aluminum cable, standard compression 
joints designed by the cable manufacturer were used, 
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pressed on in the field for all splices. For the copper 
cable, screw joint splices were used comprising threaded 
lugs drawn on the end of the conductor at the factory, 
and connected in the field by means of a sleeve nut 
reverse threaded to obviate twisting the cable. 
Standard bolted J- and U-bolf clamps were used on 
both the aluminum and copper, and both for section 
and dead-end construction, thus eliminating any 
cutting of the wires. Particular attention was paid to 
the choice of clamps for the aluminum conductor so 
that they would fit the conductor as closely as possible 
for not less than 80 per cent of its total circumference. 
On the 17-mi. 110-kv. line above Tiger Creek plant, 
the normal conductor is 4/0, 7-strand medium-hard- 
drawn bare copper, except in some long spans where 
4/0 “Hitenso”’ copper is used to meet strength require- 
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Fig. 3. Typical 220-kv. towers for medium-load 
area (left) and for fog area (right) 
These have been reproduced approximately to scale to show 


the differences in relative dimensions. Careful scrutiny may 
reveal transposition towers in the distance (left) 


ments. All splices are of the drawn-joint type and 
were put on in the field with a portable draw-bench 
built for the purpose. 

INSULATION 


Although ball-and-socket type insulators were used 
throughout on the 220-kv. transmission line, the 


SEPTEMBER 1931 


gradations of insulation to meet local conditions divide 
the line in general into three sections: standard, light 
fog and heavy fog. The upper 79-mi. section of the 
line from Tiger Creek down across the San Joaquin 
Valley comprises the standard section, where thirteen 
standard-strength 10-in suspension type insulator units 
with 5.5-in. spacing in the suspension string, and 
thirteen high-strength 11l-in. units with 7-in. spacing 
in the dead-end string, are used on both circuits. 

In the two fog areas, depending upon the fog density 
expected, from seventeen to twenty standard insulator 
units are used on one circuit, and from eleven to 
fourteen fog-type units of two different designs are 
used on the other circuit. The lengths of the insulator 
strings of each type were laid out in proportion to the 
recommended insulating value. From an experimental 
standpoint this directly competitive insulation in- 
stallation should reveal some very useful operating 
information as to the relative values of the standard 
and fog-type units under comparable and normal 
operating conditions. 

On the 110-kv. line above Tiger Creek standard- 
strength suspension type insulator strings made up of 
eight 10-in. units were used for all suspension points, 
with nine units for most of the dead-ends. Where the 
strain was excessive such as at high points in the line, 
high-strength insulators in strings of nine 11-in. units 
were used. 


BELLOTA-SAN JOAQUIN TIE LINE 


At Bellota substation which is situated at a point 
about 42 mi. from the Tiger Creek plant, the 220-kv. 
Mokelumne lines cross the Feather River line. There 
both of the 220-kv. Mokelumne circuits are tapped to 
provide a feed into a single circuit which was strung 
about 100 mi. on the No. 2 position of the existing 
165-kv. line connecting with the San Joaquin Light 
and Power Corporation’s substation near Fresno. 

The conductor used for this tie line is hollow-core 
copper of the same specification as that used on the 
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Fig. 4. 220-kv. transposition schemes 
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Mokelumne circuit. Insulation also is typical of 
Mokelumne specifications comprising fourteen stand- 
ard units in suspension and fourteen high-strength 
units in dead-end string. A combined static shield 
and arcing ring is used on each insulator string. All 
of the switching at the Bellota substation will be 
handled by remote control from Stockton substation 
about 20 mi. away. 


NEWARK SUBSTATION 


Newark substation, the San Francisco Bay terminus 
of the Mokelumne transmission system, long has been 
the distributing point of Mokelumne River power 
(originally from Electra.plant). However, growth to 
its present proportions was not expected when it was 
developed in 1919 as an ordinary 60-kv. switching and 
power distributing station. Nevertheless, as a result 
of the unit type of structure adopted in the original 
design of Newark station it has been possible to evolve 
a continuously modern station capable of handling 
the ever-increasing power concentration thrust upon 
it. With the advent of 150,000 kw. from the Mo- 
kelumne River development the principal of a dual 
station has been developed. 

That an economical and yet flexible switching 
arrangement might be provided for handling the 
220-kv. circuits, a double bus is used with bus selector 
air switches and a single oil circuit breaker for each 
transmission line, and transformer bank. With this 
arrangement a circuit can be connected to both buses, 
or to either bus, as switching requirements may dictate. 
The 220-kv. bus structure provides switching facilities 
for the operation of two transmission lines, three 
transformer banks, a bus-paralleling oil circuit breaker, 
and carrier-current telephone coupling equipment. 

General dimensions of the bus structure are: length 
354 ft., width 116 ft., height of center dead-end frame 
64 ft. The structure is of galvanized steel. This de- 
sign provides for the buses and selector switches to be 
placed well above ground elevation. The six 650,000- 
cir. mil concentric-lay copper cable conductors com- 
prising the double bus are strung in tension, dead-ended 
at each end of the bus structure, and supported in 
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between on the cross frame with pillar-type insulators 
at each bay. (Fig. 5.) 

The 400-ampere selector switches are of the vertical- 
break type, each single-pole assembly of which consists 
of two single-pole air switches mounted on a common 
structural-steel base and insulated by five insulator 
posts per pole. The three poles of each selector switch 
are actuated by a single manually-operated control 
handle at the bottom of the supporting column‘adjacent 
to the switch assembly. 

The two incoming 220-kv. lines and the bus tie 
breaker are accommodated on one side of the bus 
structure, while the three transformer banks are 
accommodated on the other side. 

This arrangement of a 220-kv. oil circuit breaker 
complete with by-pass and disconnecting switches is 
similar to that employed at other 220-kv. stations of 
the Pacific Gas & Electric Company, (see Fig. 6) with 
the exception that a vertical-break by-pass switch is 
used instead of the so-called “‘roller-skate’’ switch 
previously used. Inverted switches of the latter type 
are used as disconnecting switches, however. On the 
towers which control the 220-kv. line, grounding 
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Newark 220-kyv. 


switch structure 


self-contained 


Fig. 6. Typical 


switches are installed and mounted on the base of the 
by-pass switches. Grounding is effected by closing the 
grounding switch into a contact on the center post of. 
the by-pass switch, subject, of course, to suitable. 
interlock. All switches are actuated by means of 
rotary shafts and are hand operated. Within the 
galvanized tower structure is enclosed a 6-break 
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600-ampere 220-kv. oil circuit breaker mounted with 
the poles of the breaker on 14.25 ft. centers. 

Each of the single-phase 200/110-kv. auto-trans- 
formers is rated at 18,000 kva. and is equipped with a 
tertiary winding to supply 11.5 kv. for synchronous 
condenser operation. Partial cooling is accomplished 
with radiators; additional cooling is obtained by means 
of hood-type radiator air-blast equipment. The trans- 
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Fig. 7. General arrangement of Newark sub- 
station 


Although it has developed far beyond original expectancies, the 
unit-type of structures consistently used have enabled the 
evolution of a very orderly and logically arranged station 


former output at 110 kv. is delivered to the 110-kv. 
bus. One spare transformer unit is provided with a 
range which will permit it to be exchanged conveniently 
for any of the nine units in the three banks, which 
may require removal from service. To facilitate 
transformer handling a permanent handling house has 
been constructed and equipped with a traveling crane 
and all necessary tackle for untanking. 

The 110-kv. double bus also provides the single 
circuit breaker and switching arrangement described 
for the 220-kv. bus. The buses and selector switches 
are mounted on a rigid steel framework with all live 
parts well isolated by elevation. The bus conductors 
consist of 2-in. outside diameter, 14-gage copper tubing. 
Both the bus and the selector switch insulators are 
pillars made up of two 4-part units per post, each unit 
being 20 in. high. The 110-kv. bus is divided into two 
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Fig. 8. 


Rear elevation of the 220/110/11-kv. 


Newark transformers 


sections, and provision is made for controlling twelve 
circuits in each section. 

Because of the large power concentration now effected 
at Newark, current limiting reactors have been installed 
in one of the buses between the bus sections. (See 
Fig. 7.) Each of these single-phase 110-kv. 5,400-kva. 
reactor units is rated at 60 ohms reactance, and 300 
amperes continuous duty, with an overload capacity 
of 1,060 amperes for three sec. Attention is called to 
the fact that this substation is essentially two stations, 
the dividing line being the reactor bank between the 
110-kv. bus sections. One part comprises the older 
equipment consisting of several 110-kv. circuits, and 
transformer banks feeding 60-kv. circuits and syn- 
chronous condensers. The second part of the station 
comprises the new 220-kv. bus, together with the 
associated 220/110-kv. transformers, 110-kv. circuits, 
and related synchronous condenser equipment. 

Consistent with the dual station principle it was 
necessary to make the switchboard in two sections, 
each section arranged to control its respective group 
of equipment. Because of the large number of circuits 
involved it was necessary to use a bench-board and 
two vertical boards, one for the indicating instruments, 
and one for relay equipment. To reduce the over-all 
length required in the switchboard, equipment for two 
circuits is mounted on one panel, one circuit above the 
other. This arrangement accomplished the necessary 
longitudinal reduction, but required panels 100 in. high, 
instead of the more conventional 90-in. boards. The 
entire switchboard is constructed of l¢-in. sheet steel. 

Synchronous condenser equipment for the new 
station consists of two 25,000-kva. 720-r.p.m. 11.5-kv. 
three-phase, 60-cycle machines of the totally enclosed 
ventilated type equipped with surface air coolers. 
Pedestal bearings are provided with passages for cool- 
ing water in the bearing shells. For fire-fighting 
water at 25 lb. per sq. in. will be used, distributed 
through manifolds installed at the end of the stator 
frame around the air gap. Each condenser is provided 
with a main and a subexciter. One machine was built 
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with a 1,500-hp. synchronous driving motor to provide 
a convenient means of line and relay testing. This 
feature is particularly applicable to Newark station 
with its three main transformer banks, because with 
such grouping a bank can be released for build-up 
tests without great impairment of effective station 
capacity. 

Switching equipment used in connection with the 
operation of the synchronous condensers is of the 
metal enclosed type using truck-type oil circuit break- 
ers, and motor operated disconnecting switches. All 
of this equipment is housed in a small building adjacent 
to the 220-kv. transformers with underground lead 
covered cables providing the connections between 
switching equipment and condensers. 

In unifying the existing and new control equipment 
in a new switchboard room the problem incident to 
conduit arrangements required that the transfer of 
control circuits from the old station to the new be 
made without service interruption. This was facilitated 
to a large extent by use of a control circuit terminal 
room directly beneath the switchboard room. All 
switchboard wires and control circuits were brought to 
terminal blocks and all cut-over work and testing 
procedure correspondingly readily executed. 

Carrier-current telephone equipment installed will 
provide for communication over the 220-kv. lines to 
Tiger Creek power house, and also furnish communica- 
tion circuits over the 110-kv. lines to station J in 


Oakland, whence a wire line extension is made to the 
load dispatcher’s office. Coupling condensers on the 
110-kv. and 220-kv. buses are so connected that the 
dispatcher may communicate directly from Oakland 
to Tiger Creek power house without assistance from 
the Newark operator. 

As pointed out above, Newark substation as it now 
is constituted stands as the result of many additions. 
In spite of this, however, the flexibility of the unit 
structures used has allowed it to develop into a rational 
arrangement, and except for the old switchboard just 
replaced, every structure, whether installed in 1919 or 
in 1931, is functioning in its logical location as part of 
a modern substation. 

In view of the fact that it is impossible to make 
accurate predictions as to the location of future load 
growth and the routing of transmission circuits to 
supply this load, it becomes necessary to design and 
construct major transmission substations in such a 
manner that they can be extended readily in any 
direction without the necessity of moving existing 
equipment or giving the appearance of a patched up 
job. Proper thought given to the design of the original 
installation will permit the achievement of these aims 
even though the station grows far in excess of any 
preconceived ideas as to its probable future importance. 
Satisfactory operation under any circumstance re- 
quires a simple and easily followed arrangement of 
equipment. 


Riverbend Steam-Electric Generating Station 


Tus newest steam station of the Duke Power 
Company, Charlotte, N. C., was placed in opera- 
tion in October 1929 with an initial capacity of 
137,500 kva., about one-fourth of the expected ulti- 
mate. Each of the two generating units operates at 
1,800 r. p. m. with steam at 425 lb. gage and 725 
deg. fahr., delivering energy at 13 kv. Each of the 
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four cross-drum boilers has 35,500 sq. ft. of heating 
surface and is designed for 500-lb. working pressure; 
maximum furnace heat liberation is 30,000 B.t. u. 
per hr. per cu. ft. of volume. Pulverized coal is burned; 
the supply being received by rail. With this station 
the steam-electric capacity of the Duke system passed 
the 50-per cent point. 


ELECTRICAL ENGINEERING 


Industry’s 
New Responsibilities 


In an older day those who failed to store 
their food at harvest time did not fare so well 
during the winter; now, those who fail to 
accumulate at least a moderate surplus dur- 
ing times of plenty suffer accordingly during 
the cyclic ‘“‘depressions.”’ A thoughtful 
industrial leader, himself once a farm boy, 
here makes some interesting comparisons. 


By 
A. W. ROBERTSON Chairman of the Board 


Associate A. I. E. E. Westinghouse E.& M. Co. 


I. ITS BEGINNING this country was 
sparsely settled—dotted with small isolated communi- 
ties tied together by waterways. Even the post roads 
were impassable a large part of the year. Not until 
1830 did the railroads make their appearance. In 1885 
the electric street car superseded the old horse cars 
and shortly thereafter we saw our great interurban 
development. The next step forward in transportation 
was in 1900 which marked the start of the era of the 
automobile. Since that time the transformation in our 
manner of living has been almost unbelievable. 


THE PASSING OF INDIVIDUALISM 


It is interesting to note the shift in responsibility 
from the individual to industry which has taken place, 
even in the short space of my own life. In our early 
days we were tremendously individualistic. That was 
a basic characteristic of the founders of this nation. 
Every one stood on his own feet, or tried to do so, and 
was proud of his efforts. Each family was a group of 
home industries complete and almost self-supporting. 
Little had to be bought from the general store. Almost 
everything used was produced by the family. The 
women wove the fabrics for clothing from the wool, 
cotton, and hemp raised on the place. The men and 
boys were their own carpenters, blacksmiths, and shoe- 
makers. 

My father expected to take care of himself and his 
family without asking for help from anyone. He did 


From a booklet published by the Westinghouse Electric & Manufac- 
turing Company and available upon application to that company at 
150 Broadway, New York, N. Y. 
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it largely by working hard all during the spring, sum- 
mer and fall. He loafed, or at least did not work so 
hard, during the winter. In the fall I remember we 
used to imitate the thrifty squirrel and stored up a 
supply of food to last until spring. With wood and 
coal in the shed, potatoes and other vegetables in the 
cellar, sausage, ham, and corned beef available in the 
meat-house, we faced the winter season of unemploy- 
ment with something considerably less than dread— 
in fact, if I caught the spirit correctly as a boy, we 
really enjoyed it. 

These were my personal experiences as a boy and 
they may not be typical of this whole country especially 
in the larger cities. Yet I have found them duplicated 
by so many other people who were reared as I was that 
I am inclined to think that my boyhood life represents 
a common picture of the independence of the individual 
of earlier generations. It was perhaps inevitable that 
this point of view should change—but it will be too bad 
to lose it entirely. 


FROM AGRICULTURE TO INDUSTRY 


After the Civil War in this country we commenced 
to be less and less an agricultural people and more 
and more an industrial nation. With the coming of 
mass production in the last thirty years, and other 
changes incident to it, population became congested 
in great cities. 

Today the average home-owner has no place in which 
to store fuel or food beyond a supply for a short period. 
Gone are the days when the unit of purchase was a 
barrel of flour, a barrel of sugar. The unit of purchase 
is the smallest available package. Chain stores are 
conveniently located at almost every city corner and 
country cross-road. The railroads, trucks and passen- 
ger cars have made the distribution of goods both easy 
and quick, and it has been estimated that even in a 
large city like New York there is available less than a 
week’s supply of food. 

The average family today exists from hand to mouth 
and would not know how to live otherwise even if it 
so desired. When the periods of unemployment come, 
whether they be seasonal as in the older days, or due to 
economic depression, the average man has no fuel or 
food stored away to keep him and his family alive and 
comfortable while he searches for work to do. 

If he was thrifty when business was booming, he 
has a savings account which he can use in bad times 
to buy the necessary food and clothing and keep a roof 
over his family. Thousands of persons have savings 
accounts as the statistics bear witness, yet unfortunately 
it just does not seem natural for human beings to be 
thrifty and save money while they are earning it. 
Certainly it does not appear that they save money now 
as they used to save food and fuel against the winter 
time of need. As a result many thousands of people 
today have no resources beyond their immediate needs. 
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THE BURDEN OF THE IMPROVIDENT 


There seems to be the growing tendency to try to 
shift to the shoulders of each industry the burden of 
providing for those improvident individuals, employed 
by that particular industry, who are unable to care 
for themselves in times of need. In certain circles 
apparently serious consideration is being given to the 
paternalistic proposals that big business, or the govern- 
ment, assume many of the obligations formerly recog- 
nized by the individual as his own personal burden and 
his own responsibility. Some states have enthusiasti- 
cally adopted pension bills for mothers, for widows, and 
for old people; other states are giving earnest thought 
and study to compulsory unemployment insurance. 

Meanwhile industry as a whole has voluntarily done 
a great deal to relieve its workmen of more and more 
of their former responsibilities and obligations. Most 
progressive companies can boast of departments which 
provide education, housing, a bonus, insurance, savings, 
old age pensions, etc., for their employees. Many 
companies in going into this general welfare work have 
taken the advanced stand, and recognized the principle 
that a loyal, faithful employee, in addition to his daily 
wage is entitled to an opportunity to participate in 
some form, depending upon his relative position, in the 
financial progress of the company for which he works. 

Many companies are assuming also a large part of 
the cost of providing for employees during the present 
period of unemployment. It has become the accepted 
practise to spread out the available work in the plants 
and factories among as many men as practical although 
the operating results may be uneconomical for the 
company. These things are mentioned merely as 
illustrating the acceptance by industry of this added 
burden of unemployment. 


INDUSTRY FOUNDED ON SAVINGS 


The tragedy of the situation lies in the fact that big 
business, having assumed all these additional tasks, is 
just about as helpless as the employee. Every industry 
is affected differently by depression. Seemingly none 
is immune. All are influenced to the extent of having 
income seriously curtailed, and, in many cases, profits 
entirely eliminated. No company, large or small, seems 
to be financially strong enough, or lucky enough, to 
prevent serious shrinkage of its liquid resources in times 
of depression. 

Under such circumstances the management of every 
company in every industry is confronted with the 
difficult and serious problem of deciding what course 
should be followed. Assuming that every  well- 
managed company accumulated out of earnings some 
surplus during prosperous times, the question arises 
immediately as to how this surplus should be used 
when times are not so prosperous. The company 
must conduct its affairs in such a way as to maintain 
its credit. There must be money with which to pay 
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honest debts—otherwise, the company will soon cease 
to function and it will not be able to meet any of the 
many obligations which it has assumed. 

In addition to the creditors and the employees, there 
are the stockholders who have equities to be recog: 
nized. As the owners of the business, they are partners 
in the enterprise. Their just rights should not be 
ignored. Sometimes it would seem, however, from 
the careless talk indulged in by those who are not well 
informed in fact or theory, that stockholders are not 
entitled to any consideration. Those who voice such 
unsound opinions overlook the fact that stockholders, 
generally speaking, are employees of the company itself 
or are employed by some other company. At least ir 
part, they are dependent upon their dividends just as 
they are on their wages for their living. 

The money these people have invested in securities 
has to a large degree made possible the very existence 
of industry. The holdings of the stock of a company 
often represents the savings which the shareholder 
has made against the inevitable rainy day. 

An investment is the dedication of the surplus of 
today to the needs of tomorrow—the insurance of 
ready cash to meet some form of future emergency. 
If that is a correct definition of an investment it may 
take many different forms with different people. 

After a fashion, the investment by the stockholder 
is comparable to the stores of food and fuel which were 
commonly made in more primitive civilization, such 
as, for instance, my own boyhood days. If the rights 
of security-holders are not to be respected, ther 
investors generally will cease to put their savings intc 
industry; and there will be no industry. Further, 
there will be no safe place to invest one’s savings. 


THE HUMAN EQUATION 


I fully recognize that the employees are one of the 
real assets of a going business—in many cases its most 
valuable asset—and their well being is of prime impor. 
tance. People are too apt to think of big business as 
a piece of automatic machinery—soulless. In my 
opinion, the reverse is true. Big business must be 
human if it is going to succeed permanently because 
what makes the wheels go round will always be humar 
beings—employees who are investing part or all of then 
life work in the service of that institution. 

Business generally recognizes that regardless of the 
millions of money that have been put into plants anc 
machinery, the ability to earn profits on that invest: 
ment depends upon the loyalty and the efficiency o: 
the employees. 

It has been said, in substance, that public good wil 
towards a company and its products, while intangible 
working capital, has as distinct earning power as the 
plants, which would soon turn to lifeless material wer: 
it not for the livening infleunce of these intangibl 
values which, in the final analysis, are the contribution: 
of the employees of a company. 
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The management of every concern always has before 
it the problem of dealing fairly with all parties involved 
—giving due consideration, of course, to the resources 
at its command. In periods of depression the task is 
made extremely difficult because no one can predict 
with any accuracy the length of time the set-back may 
continue. Consequently the management of a com- 
pany does not know how long the earnings may continue 
below normal and how long it may be necessary to 
lend assistance to its employees out of work. 


A MUTUAL PROBLEM 


In the years to come if the business of this country 
follows the upward curve of normal progress, as it has 
in past decades; and, if business flourishes with only 
occasional periods of depression and unemployment, 
then the recent burdens added to industry will not 
become too heavy. On the other hand, if these periods 
of recession come too close together and increase in 
severity, then industry may not be able to carry on 
its usual normal responsibilities of payments to credi- 
tors, wages to employees, dividends to stockholders, 
plus the added burden of supporting the individuals 
who cannot provide for themselves in times of unem- 
ployment. 

It would be most constructive at this time if there 
could be Weveloped a more tolerant attitude toward 
this problem on the part of both industry and the 
individuals involved. The whole world is afflicted by 
a new set of conditions. The right cure will be benefi- 
cial to every man, woman and child; therefore, any 
proposal that may lead to progress in that direction 
should and will, I am sure, receive open-minded 
consideration. 

To me it seems highly desirable that we keep alive 
the old-fashioned individualistic spirit of looking after 
one’s self. It is going to be our salvation. It is one 
of our greatest inheritances from the founders of this 
country. After all, no one is as much interested in 
me as I am in myself. If each and every one of us 
made it our principal business to look after himself as 
well as a reasonably prudent man should, there would 
not be so much required of either industry or the state. 
That is what I would define as constructive selfishness. 


EcoNomMIc LAWS ARE INSUPERABLE 


The picture is not without its bright side. There is 
ample reason to be cheerful. This country will weather 
this storm as it has successfully weathered every other 
great economic disorder of the past. And each time 
business has emerged upon a broader basis and a more 
solid foundation. The element of time is our worry. 
If we knew definitely when things were going to turn 
for the better the battle would be won and industry 
could plan accordingly. The rest would be easy. 
Certainly the worst is behind us and there is plenty of 
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evidence for those who will look, that in certain lines, 
at least, improvement has commenced. 

If the whole is greater than the sum total of the parts 
in periods of prosperity then the reverse is certainly 
true in times of depression. Corporations being but 
aggregations of people are subject to the same economic 
laws as individuals. Those succeed who perform or 
serve acceptably, and those grow more rapidly and 
become the greatest who serve best. 


THERE IS NO SHORTCUT 


Let us face the present unpleasant facts calmly and 
with courage. Let us be honest with ourselves. 

There is no panacea for the present ills of all industry 
—no magic formula by which miracles may come to 
pass. Business will not change overnight, but it will 
be better tomorrow or the next day. 

The desired objectives may be accomplished only 
by hard, consistent, endless work by us as individuals. 
There is no shortcut and we all know that is the truth. 


Stability of 


Transmission Lines 


gs: of power transmission 
“between two power plants operating in parallel is of 
utmost importance in providing uninterrupted power 
supply during system disturbances and abnormal 
operating conditions which may be due to short cir- 
cuits, switching, and a variety of other causes,’ states 
Alexander Smouroff (F’24) professor, Electrotechnical 
Institute, Leningrad, U.S.S.R., in introducing a 
recent manuscript dealing with the subject of static 
stability. This paper represents another mathematical 
contribution to the analytical solution of the trans- 
mission stability problem and, being written by a 
prominent foreign engineer, represents a point of view 
somewhat different from that of American engineers. 
The inherent dynamic stability and the artificial 
stability of a system are discussed, and a method is 
given for the determination of the dynamic stability 
of a system. The application of the proposed method 
is illustrated by practical examples. 


“Stability of Transmission’ by Alexander Smouroff, professor, Electro- 
technical Institute, Leningrad, U.S. S.R., from which the above brief 
abstract has been prepared, has been placed on file (in manuscript form) 
for reference in the Engineering Societies Library, 29 West 39th Street, 
New York, N. Y. The complete manuscript is available for reference 
or photostat copies may be obtained from the library. — 
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The paper concludes with an appendix in which 
formulas are given by which the maximum power 
‘ output for stable operation of each of two plants operat- 
ing in parallel may be determined as a function of the 
phase-displacement angle between the induced voltages 
of both plants. These equations give a criterion of 
stability and should prove of value in determinations 
of this character. 


Economic Loading of 
Generating Stations 


The problem of properly loading generating 
stations has evinced a gradual but continu- 
ous advancement as knowledge of the 
characteristics of power station equipment 
increased and methods of interpreting these 
progressed. The increment method has 
proved to be the most economical scheme 
thus far introduced. 


By 
E. C. M. STAHL 


Member A. I. E. E. 


Brooklyn Edison Co. 
Brooklyn, N Y. 


Cooenive LOADING of generating 
stations has assumed increased importance with inter- 
connections becoming common, especially since the 
operation and control of boilers now have reached a 
point where dependable station heat rate characteristics 
can be duplicated day after day. Application of the 
different methods of load division, however, is depen- 
dent essentially upon the character of data available. 
There has been gradual development and transition in 
varying degrees of accuracy, from the use of average 
operating performance data on a monthly, weekly, 
or daily cost per kw-hr. basis to methods which permit 
of properly combining the economy characteristics of 
related equipment so that load can be divided on a 
minute-to-minute basis and full advantage taken of the 
immediate load conditions of the boiler room, station, 
or system. 


Written especially for EvecrricaL ENGINEERING, based upon an oral 
presentation before the Power Group of the New York Section, A. I. E. E., 
New York, April 9,:1931. Not published in pamphlet form. 
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With the increased grouping of stations having quite 
different characteristics and the rapid introduction of 
new types of equipment, direct and accurate means of 
load division must be used to secure the best operating 
economy. In an interconnected group, individual 
stations do not necessarily follow the characteristic load 
curves of the system demand. Consequently there is a 
shifting of load factors and plant factors among the 
different stations so that the use of average input-output 
data has lost much of its value from the standpoint of 
correct load allocation. 

Briefly the steps which should be followed in setting 
up system-operating economies are: 


1. To provide the necessary capacity in operation to insure continuity 
of service throughout the system. 


2. To select the necessary equipment for carrying load in the order of 
its effect on the best over-all system economy. 


_ 3. To divide the load correctly on the equipment which has been placed 
in operation. 


At least eight methods of load division have been 
developed, and in a number of cases the different 
methods, for certain ranges of operation, result in 
identical loading. These methods are: 


Average increment loading. 

Base loading. 

Valve loading. 

Best-point loading. 

Proportional loading. 

Equal-efficiency loading. 

Increment of B.t.u. to throttle loading. 
Increment loading. 
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In a system where suitable equipment and personnel 
are available for testing accurately each piece of equip- 
ment, information can be obtained which will permit a 
very accurate analysis of the load-division problem. 

To arrive at the correct equipment set-up and then 
the correct division of load on the equipment placed in 
operation, the characteristics of each piece of equip- 
ment associated with power production must be known. 
Operating factors based upon the behavior of the equip- 
ment under normal operating conditions must be 
applied. Operating factors, such as the circulating- 
water temperature, depend partly upon conditions 
beyond the control of the operating personnel. In 
most cases, however, proper maintenance and skilful 
operation will result in close agreement between test 
and operating results. With individual characteristics 
known, group and station characteristics may be 
developed from which the final solutions may be built up. 

In combination with the station characteristics, sys- 
tem layout and load data must be taken into account. 
The major factors which must be considered are: the 
characteristics of the daily load, load duration, and 
occurrence curves; local and emergency demands; 
local restrictive ordinances; tie-line capacities, and 
experience with the reliability and stability of the elec- 
trical system. 

With proper equipment available and station charac- 
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teristics known, not only can a correct solution of any 
momentary load-division problem be reached, but 
studies may be projected into the future showing the 
probable share of load which new equipment would 
receive, based upon contractual characteristics. The 
effect of new equipment on operating costs also may be 
predicted quite accurately. The result of allocating 
any subdivision of the system load for any station may 
be computed, and system operating results for any pro- 
posed method may be estimated accurately. After the 
correctness of the station heat-rate characteristics has 
been established from tests and operating results, these 
data may be applied to the derivation of instantaneous 
energy costs which in turn may be used as the energy 
element of the cost of load transferred from one station 
or system to another at different periods of the day. 

The different methods of load division now will be 
discussed in approximately the same order named 
previously. Fig. 1 shows station characteristics taken 
from daily operating data and illustrates the average 
increment method of loading. Each point represents 
the integrated 24-hr. output for various station loads 
plotted against total B.t.u. input. Over a period of 
time a large number of values are obtained which give 
the average economy characteristic trend of the 
station. Straight lines may be drawn through these 
points as indicated for stations A and B, and from this 
information a determination may be made as to how to 
load the stations with respect to each other. It is evi- 
dent that if a daily output of only 100,000 kw-hr.is 
needed, station A could carry the load with less input 
than station B; if the output were 400,000 kw-hr., 
station B could carry it more economically than station 
A. If both stations were required to be in operation, 
station A would be operated at its minimum capacity 
until station B was fully loaded; and then station A 
would be loaded. This method of loading in no way 
takes advantage of the minute-to-minute economy rela- 
tion between the stations, but merely uses the average 
integrated characteristics. As a result a constant 
increment of input is required for any added output 
and this constant increment represents an average 
increment characteristic of the station. 

The method of base loading follows directly from the 
foregoing as it gives load to the best station or machine 
up to its maximum capacity before any load beyond its 
minimum requirements is assigned to the next best 
station or machine. Within the limits of data available 
both of these methods are correct, but as will be shown 
later they do not result in the best economy. It would 
appear further from a casual inspection of the heat-rate 
characteristics (see Fig. 6) that the base-load method is 
the correct one; but again this is not the case. 

In Fig. 2 is shown a group of heat-rate curves which 
will be used to explain valve opening, best-point, and 
equal-efficiency methods of loading. Heat-rate charac- 
teristics of the older turbines are such that their best 
economy is obtained just before the opening of the over- 
load valves which bypass steam into some of the lower 
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stages of the turbine. The points at which these addi- 
tional valves open are shown rather clearly in the illus- 
tration, and their effect will be fully illustrated later in 
showing the progress made in methods of interpreting 
turbine characteristics. 

In the valve opening method when several turbines 
are in operation, the turbine with the lowest heat rate 
will be loaded first to the point where the overload 
valve is about to open. The other turbines then will be 
brought up successively to a similar condition. As the 
load increases still further, the best unit will be loaded 
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Fig. 1. Average characteristics for two typical 
stations as obtained from daily operating data 
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Fig. 2. Heat-rate curves for four typical turbines. 
Note the changing characteristics at the valve- 
opening points 


up to the next valve opening, and the process repeated 
on the other units until full load is reached on all equip- 
ment in operation. : 

Best-point loading in effect is quite similar to the 
valve-opening method but applies more generally to the 
total station heat-rate characteristics which include 
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also the boilers. With this method, units or stations are 
loaded successively up to their lowest heat-rate points. 
In most cases, however, these coincide with the valve- 
opening points. 

In the equal-efficiency method, the ratio of output to 
input of the various turbines must be equal, and in 
effect the unit heat rates also must be equal. Where 
this scheme is used, a schedule may be made up by 
maintaining equal unit heat rates on a variety of tur- 
bines, progressively as the load changes. 

Fig. 3 shows a graphical layout for the method of 
proportional loading. This consists merely of plotting 
the sum of the turbine loads at their best heat rates and 
their full-load points, and connecting these points 
through zero with straight lines; from these, unit loads 
can be scaled off for any given station load. 

Still another scheme is that known as the increment of 
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B.t. u. to the throttle method. This is merely a special 
case of the incremental method, and has rather limited 
use where there is no bleed heating and where the 
characteristics between turbines are uniform. 


Incremental loading, as the following discussion will 
bring out, results in the minimum input for any output 
with any given combination of equipment in operation. 
This method will not of itself show what equipment 
should be placed in operation, but with the aid of input- 
output data it will assist materially in determining the 
proper combination of equipment for various system- or 
station-loading characteristics. 


Fig. 4 shows three stages in the chronological develop- 
ment of the interpretation of turbine characteristics 
and increment rates, the same test information being 
used in each case. Until about 1920 separate sets of 
points were plotted for the total input-output and 
for the unit heat rates, curves being drawn through the 
two sets of points independently. During the next 
five years the changing characteristics of the valve 
points were taken into consideration. As a result, the 
total input-output curve was drawn through the test 
points so that straight lines connected the test points 
for the separate ranges between valve openings. These 


70 z lines were adjusted, however, to intersect at loads cor- 


responding to the valve openings. The water-rate or 
heat-rate curves then were computed from the input- 
output curves. 

In a more recent (1930) interpretation of test data 


za . . ° 
405 the turbines are considered as having separate and 


distinct characteristics between valve openings. En- 
tirely independent curves have been drawn through 
the various sets of test points between valve openings, 
and the unit heat rates computed from these indepen- 
dent sections. The corresponding incremental rates 
for the three schemes have been plotted and it may be 
noted that on the 1930 curve, the transition points 
have not been included on the incremental curve. 
From a practical standpoint this is not necessary be- 
cause turbines are not operated near the valve openings, 
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Fig. 5. Comparison of heat rates for the different 
methods of loading 


the operator passing substantially beyond those points. 
Again, justification for base loading of the best equip- 
ment is seen in the method used up to 1920, as a single 
straight input-output curve with a constant slope or 
increment is obtained which in itself justifies loading 
the best equipment or the equipment with the lowest 
average increment up to full load and then bringing 
on the next best. 

A composite picture of the results of the various 
methods of load division is shown in Fig. 5. As would 
be expected the exact incremental method proves the 
most economical, while the average incremental or 
base loading method makes the poorest showing. 
The various other methods fall in between these two 
but generally nearer the exact incremental method. 

The underlying principles of the incremental method 
are brought out by Fig. 6. Heat rates are indicated 
for two stations having 10,000 B. t. u. difference be- 
tween their best points. Assume that the stations 
are so loaded that the heat rate of station A is exactly 
double that of station B. The question now arises as 
to which station should pick up the next 1,000-kw. 
load, assuming that the two are interconnected. From 
the heat-rate curves alone it would appear that station 
B should carry the additional load. It should be 
noted, however, that the heat rate is on the up-grade 
at station B, so that any added load would mean that 
its entire load would then be obtained at a higher heat 
rate and consequently the additional 1,000 kw. must 
contribute additional heat to raise the over-all heat 
rate of the station. On the other hand, an examination 
of the curves will show that the load on station A is 
such that if the added load were allotted to it, every 
kilowatt already in production would be obtained at a 
lower heat rate. At the points selected, station A 
can supply the added load to the system for 12,000 
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Fig. 6. Solution of typical load-division problem 
by the increment method 
The incremental heat rate at a given load already in produc- 


tion is defined as the actual additional heat per hour required 
to obtain the added load 
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Fig. 7. Four methods of loading two intercon- 
nected stations having different heat rates 


B. t.u., whereas station B would require 31,000 
B. t. u. to produce the same load increment. 

It may be noted that the dotted curves corresponding 
to the incremental heat rates are lower than the average 
heat rates while the heat rate curves are diminishing; 
that the incremental and average heat rates coincide 
where the average heat-rate curve is horizontal; and 
that the incremental rate is greater when the average 
is increasing. It can be proved mathematically and 
actually demonstrated that the most economical 
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division of load is obtained when the incremental 
rates are equal. 


As an example of a typical loading problem where 
two stations with different heat-rate characteristics 
are available, Fig. 7 illustrates the effect on system 
economy of operating the high-heat-rate station in 
different ways. Case I assumes that the best station 
alone is capable of carrying the entire load safely up 
to its full capacity, with the poorer station shut down 
cold. Thus if a system load up to 280,000 kw. were 
carried on station B alone, it would follow curve I. 
In case II it is assumed that station A is held with 
banked boilers, ready for emergency use in the event 
that station B might require emergency assistance. 
In this case the system heat rate would be represented 
by curve II. Case III goes one step farther than 
ease II in that station A is maintained as a running 
reserve, with incremental division of load between the 
two stations. In this case the system heat rate would 
be as shown by curve III for loads above 2000,000 kw. 
In case IV station A is maintained as a running re- 
serve as in case III, but the load between the two 
stations is divided by the base loading method. The 
system heat rate under these conditions would follow 
curve IV. 

An interesting feature of the set of curves shown in 
Fig. 7 is that for loads above 240,000 kw. the system 
heat rate is lower with station A in operation than 
with it shut down cold. Should there be an appre- 
ciable number of kilowatt-hours to be generated at a 
system load higher than 240,000 kw., not only would 
the system be better protected by having station A in 
operation but the actual integrated heat rate would be 
better, as well as the instantaneous rate. 

As supplementary to the foregoing discussion, the 
curves of Figs. 8, 9, and 10 are presented. Fig. 8 
shows the heat-rate characteristics of a station with a 
given combination of boilers and various combinations 
of units in operation. For purposes of academic 
interest an average station heat-rate curve, such as 
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has been used for the two previous demonstrations, 
is superposed on the group. Fig. 9 indicates the 
possible widespread variation in station heat rates, 
particularly of standby stations when the station plant 
factors and the capacity held available for emergency 
use are changed arbitrarily. Fig. 10 shows the general 
range of boiler and turbine characteristics in a large 
metropolitan district. The numbers opposite each 
curve represent the number of boilers or turbines 
observed to have the characteristics shown. For 
clarity, only a typical curve for each group has been 
drawn. 

Basically, the problem of load division in a metro- 
politan area is a problem in thermodynamics. Ascer- 
taining the principal characteristics of the equipment 
under operating conditions has become an extremely 
refined operation and is in itself a very large subject. 
The tremendous number of combinations of boilers 
and turbines which exist in any large interconnected 
system, the limitations imposed by the electrical system, 
and the ability of standby stations to be available 
instantly, make a complete solution extremely intricate. 
Instruments, however, have been developed to take 
care of the tremendous number of combinations once 


Ww 
1) 


31% VARIATION 


rm) 
2 


STATION HEAT RATE - 
1000 B/ KWH 


10) 020, 7530 


40 50 60 70 80 90 
PLANT FACTOR -°% 


100 


Fig. 9. Effect of peak plant capacity and load 
factor on station heat rate 


Fig. 10. General range of 
ia ake turbine heat rates and boiler 
| efficiencies 


: eet 2 Numerical designations show the 
15 | ee number of units for which data were 
7 ON caipeitat ettal obtained 


HEAT RATE- 1000 B/KWH. 


@ 


EFFICIENCY -%& 
@ 


NI 


1.0 iA} bay LS la 


5: Ou co Tipe Ota o 
OUTPUT IN 10° BVHR, 


ELECTRICAL ENGINEERING: 


= +— — 


Ali al i 


(ie a | 
Se 


| 

| 

eared 
— he 

i) 

| 

— ACTUAL MONTHLY HEAT RATE 
——COMPUTED “ “ 


__ ADJUSTMENT FOR TURBINE & 
BOILER STARTS & MISC. LOSSES 
a. 


~// 3$—LOAD HEAT RATE 


STATION NET HEAT RATE 1000 B/KWH. 
a 
fo} 
| 


14.0 
40 60 80 


100 6120 140 160 180 200 220 
LOAD IN MW 


249 260 280 300 320 340 360 


Fig. 11. Comparison between actual system 
monthly heat rate and computed value 


the basic boiler and turbine characteristics have been 
determined properly. 

Both the accuracy of the computations and the 
operation may be checked as shown in Fig. 11. This 
gives an illustrative group of station heat-rate curves 
as computed, and shows the computed monthly heat 
rate as compared with the actual monthly heat rate. 
The computed and actual rates may be seen to be 
practically identical. 

By way of summary, the economic loading of gen- 
erating stations possesses a wide variety of aspects all 
of which should be studied in order to arrive at a true 
perspective. The solution must be built up from 
individual equipment performance data in which the 
boiler characteristics play the most important part. 
This is particularly true when comparing two or more 
separate stations. It has been found also that obtain- 
ing accurate equipment characteristics has effects 
beyond the furnishing of data for load division and 

the establishing of ‘‘bogies’” for operation. Manu- 
- facturers of large equipment have difficulty in checking 
their design practises without actual tests, and these 
can only be run after the equipment has been installed. 
Thus successive designs and guarantees may be based 
upon accurate information taken in the field rather 
than upon theoretical computation and extrapolated 
estimates. Furthermore, correct operating character- 
istics permit an estimate to be made of how well the 
system is being operated with respect to its possibilities, 
and this in turn gives assurance that no major improve- 
ment is being overlooked. 

Basically, a load schedule should be set up on the 
assumption of unlimited tie facilities with no restrictions 
as to starting up or shutting down equipment. Sched- 
ules then should be set up adding successively the 
elements of safe operation of equipment, continuity 
of service, restrictive boiler-loading conditions, and tie 
capacity. In this way the cost of each inhibiting 
element may be determined. Such evaluations may 
be continued to take in the addition of new tie capacity, 
feeders, or station equipment. 
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The Engineer 
in Civic Affairs 


Some of the features involved in the prob- 
lem of ‘establishing a high professional 
standing of engineers in public affairs” 
are discussed here. Establishment of state 
and local engineering councils, and some 
means of “‘certification’’ of engineers by 
national professional societies are men- 
tioned as steps toward a possible solution. 


By 
J. ALLEN JOHNSON Buffalo, Niagara & Eastern 


Fellow A. I. E. E. Pwr. Corp., Buffalo, N. Y. 


hee QUESTION of establishing and 
maintaining a high professional standing of engineers 
in civic and other similar affairs is one which requires 
limitation and definition to bring it within the scope 
of a single discussion. Three possible interpretations 
suggest themselves: 
1. A complaint against public opinion because engineers’ opinions on 


public questions are not given the respectful attention which engineers 
think they deserve. 


2. <A criticism of the engineering profession implying that professional 
standards are too low to cause engineering opinions on public matters to 
command public attention and respect. 


3. An implication that although the profession and its standards are 
all right, a technique through which to make the profession authoritatively 
and effectively articulate on public questions is lacking. 

If the first suggested interpretation were the correct 
one, and the effort were to devise ways and means of 
convincing the public that engineers should be listened 
to with greater respect when they deign to speak, I 
confess that I should have little sympathy with it. 
The time has passed when the professions had a monop- 
oly on education.. Nowadays an opinion on public 
affairs must run the gauntlet of well-informed persons 
in all walks of life, and must establish itself through 
its content rather than through its source. 


Therefore, I shall assume that it is the engineering 
profession rather than the public which is to be scruti- 
nized in this discussion, and that questions of both 
standards and methods are to be considered. In the 
subject thus defined there seem to be two questions 
involved: 

1. How to establish a high professional standing of engineers. 

A dissertation presented at the conference of officers, delegates, and 
members held at Asheville, N. C., June 22, 1931, in connection with the 


annual summer convention of the A. I. E. E. Not published in pamphlet 
form. 
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2. How to establish a high standing of the engineering profession in 
public affairs. 


INDIVIDUAL IDEALS MustT BE HIGH 


The attributes and responsibilities of these two 
aspects of professional life are well stated in an article 
on the ‘Professional Status of the Engineer” by W. E. 
Wickenden, president of the Case School of Applied 
Science (Cleveland) which appeared in the October 
1930 issue of Civil Engineering. Dr. Wickenden states 
the following four attributes of individual professional 
life. 


“1, A type of activity marked by high individual responsibility and 
dealing with problems on a high intellectual plane. 


“2. A motive of service, as distinct from profit. 


“3. A motive of self-expression which implies a joy in one’s work and 
a single standard of workmanship; one’s best. 


“4. A conscious recognition of social duty to be accomplished, among 
other means, by: (a) sharing advances in professional knowledge; (b) 
guarding the standards and ideals of one’s profession, and advancing it in 
public understanding and esteem; or (c) rendering gratuitous public service 
in addition to ordinary professional service, as a return for special advan- 
tages of education and status.” 


As a means by which individual engineers may attain 
a high professional standing I should recommend the 
conscious recognition and practise of these ideals which 
thoroughly express what should be the ethical and 
mental attitude of an engineer. 


GROUP RESPONSIBILITIES 


Doctor Wickenden also states the following as attri- 
butes of group professional life: 


“1. A body of knowledge (science) and art (skill), held as a common 
possession and to be extended by united effort. 


“2. An educational process of professional aims which implies a con- 
structive share by the professional group in the ordering of education. 


“3, A standard of qualifications for admission to the professional 
group, based on character, training, and competency. 


“4. A standard of conduct in relations with clients, colleagues, and the 
public, based on courtesy, honor, and ethics. 


“5, A recognition of status by colleagues or by organized society, as a 
basis of good standing. 


“6. An organization of the professional group, based primarily on 
common interest and social duty rather than upon economic monopoly 
(not universal in the artistic professions) .”’ 


In addition to the obligation of the engineer to main- 
tain a high professional standing as an individual there 
appears the obligation or desirability of establishing 
somehow this “recognition of status . by: 
organized society” for the engineering group as a whole. 
Doctor Wickenden ably discussed this subject under the 
heading of four questions: 


“1. Should we seek to divide the profession into distinct strata, or 
maintain an inclusive form of organization? 


“2. Should we look to the public or to ourselves to set up and maintain 
our professional standards? 


“3. Shall we narrow the doors of access to the profession? 
“4. Shall we impose more rigid standards upon the colleges?’’ 
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THE MATTER OF ORGANIZATION 


Under the first question would seem to come the 
problem of our own Institute organization. Should we 
have a single grade of membership or should we main- 
tain the several grades? Much is to be said for the 
graded membership principle. In this country we have 
no aristocracy; no peerage. The result has been that 
for measuring one’s attainments in life, no yardstick 
seems to be left but the financial one, a condition which 
I believe is largely responsible for the unfortunate 
American habit of measuring success entirely in terms 
of dollars and cents. Human beings seem to be 
possessed of an inherent desire to rise above the “‘com- 
mon herd.”’ Of those who fail to satisfy that desire by 
the acquisition of wealth, many seem to find satisfac- 
tion in the fraternal and social organizations with which 
this country is blessed (or cursed?) and get the satis- 
faction which they seek by attaining the distinction of 
election as ‘‘Kingfish of the Mystic Knights of the 
Sea,’”’ or perhaps as Fellows of the American Institute 
of Electrical Engineers. Personally, I believe that this 
sort of thing is a human necessity. Perhaps the field 
for its proper exercise is within the bounds of our pro- 
fessional and social organizations rather than in our civic 
life as a whole, but in my opinion a country which had 
no means of measuring the worth of its citizens other 
than by a dollar sign would be in a bad way. 


Under the second question comes the matter of licens- 
ing engineers. In spite of the general opinion of engi- 
neers of high standing, that licensing is not the solution 
of the problem, we not only are facing, but even now 
are in the midst of the licensing problem. This subject 
already has been set forth in discussion and will not be 
treated here. 


Under the third item again appears the question of 
professional society organization. Some have thought 
that we open our doors too wide and that higher qualifi- 
cations should be required for admission to any grade 
of membership in a national engineering society. 
However, our principles and practises, as a society 
(A. I. E. E.) are long established in this matter and it 
appears doubtful that they should be changed at this 
late date. 

Under the fourth question comes the problem of 
engineering education. While this problem has an 
important bearing on the broad question of the status 
of the engineer in the community, it is too large a sub- 
ject to attempt to interject into this discussion. 


Is CERTIFICATION THE ANSWER? 


A solution of the problem of establishing for engineers 
“recognition of status by organized society” suggested 
by Doctor Wickenden is “‘the certification of engineers 
by our major professional societies.” His proposal in 
this regard is worthy of being quoted in full. He says: 


ELECTRICAL ENGINEERING 


“Specifically, I should like to advocate one measure. It is in no sense 
a cure-all yet it would help in some degree toward the solution of each of 
the problems which has been discussed. ‘This measure is the certification 
of engineers by our major professional societies. I would favor keeping 
the profession open, not making it a legal monopoly; and I would let 
licensing laws run their course until they find the level of their inherent 
limitations. I would keep our membership inclusive and not too rigidly 
graded, granting to engineers who pass into administrative duties the full 
fellowship of the profession. I should keep educational doors open to 
even greater variety, with a minimum of regulation and a maximum of 
guidance by the organized profession. All this is broad church doctrine 
in harmony with our history and traditions, and all good as far as it goes. 
But the profession needs more than an open association of like-minded men; 
it needs an inner nucleus of highly qualified men whose professional stand- 
ing and standards the public cannot possibly mistake. A plan of certifi- 
cation by the profession is a task for many men to work out, not one. 
May I suggest, however, the following features: 


“1. Certification should be earned, not granted as a mark of honor. 


“2. There should be a code of educational qualifications more advanced 
than mere graduation from college and yet attainable by both college and 
non-college men. 


“3, These qualifications should be tested individually, not gaged by 
personal estimates and testimonials alone. 


“4. Educational qualifications should comprise scientific, technical, 
economic, and civic knowledge of a mature order. 
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5. There should be a code of experience qualifications which would 
normally make the age of certification fall between 25 and 30. 


“6. The certification of graduates should be the goal toward which the 
colleges and the professional societies should bend their influence. To this 
end the colleges should be encouraged to limit the award of professional 
degrees to those who previously have been certified.” 


CHARACTER CANNOT BE INCULCATED BY STATUTE 


Here is a challenge to the engineering societies and 
the engineering profession as a whole which seems 
worthy of very careful consideration. It is no easy 
problem; the setting up of the necessary standards and 
qualifications for certification will be a long and difficult 
task, and the administration of the certification machin- 
ery after its establishment will call for men of the 
highest attainments and maturest judgment. And it 
all will cost money. If, however, the engineering pro- 
fession decides that the results to be obtained will be 
worth the effort and cost, this seems to be a solution 
which would meet the desires and opinions of many of 
our members. I believe that its attainment, however 
desirable, is rather remotely in the future. Is there 

nothing that can be done in the meantime? 

As to the licensing of engineers, doubtless some good 
can be accomplished if licensing laws are properly set 
up and administered, but as a means of separating the 
sheep from the goats in the engineering profession, I 
personally question the efficacy of inflexible statute 
laws. Character and ability cannot be inculeated by 
statute. 

Is not the immediate problem that of ‘‘establishing 
machinery through which the opinions of competent 
engineers may be recognized, respected, and made 
effective in public affairs?” 

In an attempt to answer this question, suppose we 
consider how we ourselves as “laymen” regard the 
opinions of lawyers, ministers, and others on public 
questions. In evaluating such an opinion, do we not 
subject it to critical analysis in the light of our own 
knowledge and judge it more by its content than by the 
standing of its authors? Particularly if the subject 
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under consideration is one outside of the author’s 
immediate specialized field. 

Therefore an expression of opinion, whether by 
engineers or others, to be respectfully received by the 
public must either (1) be confined to a subject on which 
the author is a recognized authority, or (2) must contain 
within itself such evidence of breadth of view and sound 
judgment that it carries its own conviction. 


PUBLIC AFFAIRS COMMITTEES SUGGESTED 


Opinions by men of the engineering profession on 
matters of public interest rarely can be expected to fall 
in the first of these classes. Whence it would appear 
that the only way to make respected and effective the 
opinions of engineers on public questions is to establish 
some way by which such opinions can be made to bear 
on their faces the evidence of their own value. How 
can this be accomplished? How do we accomplish it 
in our own organization? If we wish to obtain a well 
considered and seasoned opinion on any engineering 
subject, standardization for instance, we appoint a 
representative committee from those best qualified to 
pass judgment on the matter. This committee meets, 
discusses, investigates, compromises, and ultimately 
arrives at a consensus of opinion which, when finally 
promulgated, is received with respect and usually 
accepted by the industry. If the engineering profes- 
sion expects its opinions to be received with respect 
by the public this same method must be followed. 

How, then, should such committees or groups be 
constituted? Obviously no one professional society 
can act alone in public matters; cooperation of all seems 
necessary. A start already has been made through the 
organization of The Engineering Council, a joint 
activity of the national engineering societies set up to 
deal with national affairs. 

The next step in a logical development along these 
lines appear to be the establishment of state engi- 
neering councils to deal with engineering problems 
confined within state boundaries. Some action already 
has been taken in this direction. 


LOCAL ENGINEERING COUNCILS LOGICAL 


The third logical step would appear to be the forma- 
tion of local engineering councils. Such councils 
already have been established in certain places and some 
of these are understood to be functioning successfully. 
Such local councils doubtless at first would have to be 
confined to the larger centers where local units of the 
national engineering societies exist, where they can be 
organized by joint action of such local groups. Possibly 
later on, means may be found to establish such local 
councils in smaller communities. To be useful to the 
community, such local councils should establish some 
sort of working arrangement with the local governing 
bodies. 
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Assuming then that the immediate solution of the 
problem of making the opinions of engineers respected 
and effective in public affairs lies in the formation of 
national, state, and local engineering councils, how can 
the A. I. E. E. promote the formation of such groups? 
I advance the following suggestions: 


1. By gathering information on existing local and state engineering 
councils. 


2. By establishing a standing committee to promote, oversee, and 
advise such local councils in cooperation with similar committee in other 
national societies. 


3. By formulating preferred courses of local cooperation between 
A. I. E. E. Sections and units of other nationa] societies for joint action in 
local public affairs. 


4. By formulating in cooperation with the other societies a code of 
procedure and ethics to guide local councils. 


5. By codifying successful methods of cooperation or contact between 
local councils and local governing bodies and assisting in establishing such 
contacts. 


In summation, the solution of the problem of “estab- 
lishing a high professional standing of engineers in civic 


Series Resistance 
To Increase Stability 


As a possible method of increasing the 
transient stability limits of a long trans- 
mission system the author discusses the 
effects of inserting series resistances into 
the generator circuits to load the machines 
during fault conditions and thus retard sub- 
sequent overswings. 


By 
R. C. BERGVALL 


Associate A. I. E. E. 


Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


D EMANDS FOR CONTINUITY of 
power delivery from large electric stations which 
depend upon long transmission lines have expedited the 
development of high-speed circuit breakers and relays. 
Modern equipment will clear a fault with sequential 
breaker operation in from 8 to 16 cycles, depending 
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and other affairs,’ may be along either or both of two 
lines: 

1. Establishment of state and local engineering councils by joint 
action of the national engineering societies. 

2. Establishing ‘‘an inner nucleus of highly qualified men whose pro- 
fessional standing and standards the public cannot possibly mistake’’ by 
some method and process of ‘“‘certification of engineers by our major engi- 
neering societies.” 3 

Should the second plan ultimately be adopted, the 
various engineering councils might well be made up 
exclusively of ‘“‘certified’? engineers. The councils 
themselves, in all probability, still would be necessary, 
however. As an immediate step toward the desired 
end the formation of such councils composed of engi- 
neers of recognized high professional standing need not 
wait for the certification plan to be adopted. 

Editor’s Note: Correspondence is invited pertaining to any phase of 
the important subjects touched upon by Mr. Johnson. Every engineer 
all too soon will find himself the object and subject of inevitable legisla- 
tion. For the greatest good of all concerned each individual should exert 


himself in cooperation with his national society to effect the necessary 
guidance and control of the situation. 


upon the proximity of the fault to one end of the line. 
Because of the relatively low stored-energy-per-kilo- 
watt factor of hydroelectric units and some steam units, 
even this short time, however, will not prevent loss of 
synchronism in many cases. 

In this discussion consideration is given to the effects 
that may be achieved by inserting a relatively high 
series resistance into the generator circuit upon the 
advent of a short circuit. As an example for descrip- 
tive purposes, consider a short circuit to occur very 
close to [1] on the line [1]-[2] as shown in Fig. 1. The 
proposed series resistance normally would be short- 
circuited by circuit breaker [8]. A normal 60-cycle 
system is assumed; impedances as given on the diagram 
are based upon generator rating (kw.) and represent 
typical proportions. To assure that the ratio of 
resistance percentage to generator rating remains 
unchanged regardless of the number of machines in 
service, it is considered that resistances should be 
connected as shown in Fig. 2. 

Upon the occurrence of a three-phase short circuit 
near circuit breaker [1] the generator electrical output 
will be decreased instantly from 100 per cent to 12 per 
cent of rating as a result of the low power factor in the 
fault-current circuit. The prime mover will continue 
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Fig. 1. Schematic diagram of system considered 
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to apply 100 per cent torque and the difference of 88 
per cent torque will accelerate the rotor. Circuit 
breaker [3] can be opened in from 5 to 6 cycles to insert 
the series resistance, and the resulting power loss will 
increase the generator electrical output from 12 per 
cent to 105 per cent until circuit breaker [1] opens after 
8 cycles. A similar action takes place during the 
interval from 8 to 16 cycles when the fault is entirely 
removed from the system by the opening of circuit 
breaker [2]. The series resistance limits the rotor 
acceleration to about the same amount as would 
obtain if the fault were entirely removed in 5 or 6 
cycles instead of in 16 cycles. This indicates the 
possible beneficial effects of loading the generators by 
inserting series resistance in the circuit during the 
fault period. After the fault has been cleared, the 
added series resistance component even though it 
increases the total circuit impedance exerts a sub- 
stantial stabilizing influence because the stored energy 
of the hydro generators is less than that of the load 
center. 

This action is shown in Figs. 3-6. Fig. 4 shows 
that the series resistance increases the maximum 
possible generator output from 147 per cent to 188 
per cent of rated kilowatts. Thisis done at the expense 
of decreasing the maximum received power from 140 
per cent to 92 per cent due to the loss in the series 
resistance. Figs. 5 and 6 show the corresponding 
power-angle diagrams. The shaded area in Fig. 5 
shows the additional retardation area made available 
by the series resistance for reducing the overswing of 
the hydro unit. This large retarding force, acting 
only on the relatively low inertia of the hydro units, 
permits them to reach the position FE,” (Fig. 3) instead 
of the position F’,’ 18 cycles after a given fault, making 
the large gain of a, deg. The decreased power delivered 
to the load center is shown by Fig. 6, but due to the 
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Fig. 2. Preferred location of series resistors 
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Fig. 3. Wector positions 18 cycles after fault 
Angle between Es and Er decreased by series resistance. 
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high inertia there as compared to the hydro generators a 
retardation of only a, deg. occurs. At the end of 18 
cycles the total angular displacement has been decreased 
a; — @ deg. as a direct result of the insertion of 30 
per cent series resistance in the generator neutral leads. 

The series resistance, therefore, is beneficial in 
maintaining stability both during and after a fault. 
Even if it is left in the circuit for a considerable time 
after fault clearance, the only effect will be a decrease 
in system frequency resulting from the added resistance 
loss; synchronism will be maintained. 


CALCULATIONS CHECKED BY TEST 


For the purpose of checking the methods of calcu- 
lation used a shop test set-up of proportions similar to 
the hydroelectric transmission system of Fig. 1 was 
made. The hydro station was represented by a 100- 
kva. synchronous motor-generator set with the d-c. 
end acting as a prime mover. Sufficient external 
resistance was used in series with the motor armature 
to give it approximately constant-torque character- 
istics over a sufficient range of speed. The tests 
showed that for the same fault and time of circuit 
breaker operation, more than 50 per cent additional 
power could be delivered through the use of the series 
resistance without loss of synchronism. 

For a system where the synchronous equipment at 


Effect of 30 per cent 
series resistance upon 
system of Fig. 1 during 
single-line operation after 
fault has been cleared 
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Fig. 7. Transients on typical system showing effect 
of series resistance 


the load-end is smaller in proportion to the hydro 
station than usually is the case, angular oscillations 
obtained from a point-by-point calculation with the 
help of an a-c. calculating board are shown in Fig. 7. 
There the dotted line indicates the rapidity with which 
the hydro generators go out of synchronism as com- 
pared to the characteristics of the synchronous machines 
at the load-end, if no series resistance is inserted. The 
full lines show the angular oscillation with 30 per cent 
series resistance inserted in the circuit during the period 
from 6 to 25 cycles following the fault. It is evident 
that synchronism will be maintained, because the 
angular deviation has been restored to about normal 
within 60 cycles and the system will stabilize itself 
after a few oscillations. The downward slope of the 
curve indicates that the system frequency has decreased 
slightly as the result of losses occurring while the series 
resistance was in the circuit. The slight decrease in 
frequency, however, is of no consequence so long as 
synchronism is maintained. 

The magnitude of the series resistance can be varied 
over a wide range with practically the same results; in 
any event it should be inserted as soon as possible after 
the fault occurs. The length of time that it is left in 
the circuit will depend upon the individual system 
under consideration. The physical size of the resistor 
is approximately the same as that of a corresponding 
neutral resistor that would be used with a generator 
of the rating under consideration. 


CONCLUSION 


As indicated, it is believed that by inserting series 
resistance in the circuit for a short time, synchronism 
can be maintained readily on a hydro system of normal 
proportions and for any type of fault, with the speeds of 
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circuit breaker and relay operation now available. The 
cost of the series resistance and its circuit breaker in 
general will be less than the combination of other 
measures that have been used and considered in the 
past. Unlike most of the other measures for improving 
stability, the resistor installation can be deferred until 
operating experience indicates that the added expendi- 
ture to maintain service is justified. 


Calculations fo 
Inclined Catenary 


A method is outlined whereby the vertical 
and horizontal projections of contact-wire 
hangers are computed separately and the 
hanger lengths in turn obtained from these. 
The method postulates a smooth horizontal 
curve of contact wire, and can be used for 
both regular and irregular curves. 


By 
B. M. PICKENS 


Associate A. I. E. EB. 


Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


[oars CATENARY on curves of 
railway overhead contact systems is used now quite 
generally in the United States on systems having a 
single contact wire, whether simple or compound 
catenary. An analysis of some of the problems in the 
design of inclined catenary is presented here outlining 
a fairly simple and direct method of solving them. 

Design of inclined catenary for curves is not so simple 
as the design of tangent catenary. On regular curves of 
uniform span length the hangers on each different 
degree of curve will have different lengths and angles, 
but standard hangers can easily be calculated for each 
different degree. On transitions from tangent to regu- 
lar curves or on sections of track where the degree of 
curve is continually varying, a separate set of hangers 
must be calculated for each span. 

Forces acting in the catenary system are analyzed 
by considering separately the vertical and horizontal 
projections of the wires and hangers. For a horizontal- 
contact wire if the vertical projection of the shortest 
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curve hanger is made equal to the length of the shortest 
tangent hanger, the vertical projection of the inclined 
catenary will be the same as the vertical projection of 
the tangent catenary for a span of the same length. 
Consequently, all vertical dimensions can be calculated 
as if dealing with tangent construction. 

Horizontal dimensions can be found when -the curve 
of the contact wire with reference to an axis between it 
and the messenger projection is determined (see Fig. 1). 
The general relationship between any three adjacent 
contact-wire ordinates, which determines the shape the 
contact wire must assume in order to be horizontal is 
given by the following formula: 


tn-1 = tn 124+ ¢/1 4+ 2?/e1) ]— tn-1 
wherec =sw(M+T)/v0oTM 
Cc, =2v9 M/W 
M = messenger tension in lb. 


T = contact-wire tension in lb. 

W = weight of system in lb. per ft. 

s = distance between hangers in ft. 

w = weight of s ft. of contact wire in lb. 

vo = vertical projection of shortest hanger in ft. 

x = distance of nth hanger from center of span in ft., measured 
along axis. 

Other relations are as shown in Fig. 2. 


From this equation general shape curves can be 
drawn for any given catenary system. These are called 
the U and the S curves and are shown in Fig. 3. The 
U curve corresponds to the shape the contact wire will 
take on a.constant radius track curve. The S curve 
corresponds to the shape the contact wire will assume 
on a reverse curve where the reversal occurs at the 
center of the span. Shapes of the contact wire for 
curves between these two extreme types can be found 
by adding together the two curves. The specific shape 
the wire will take on any given curve is determined by 
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Fig. 1. Vertical (above) and horizontal (below) 
projections of messenger and contact wire on 
inclined catenary 


The axis between the horizontal projections is established so 
that t/m = M/T, where M and T are the respective tensions in 
the messenger and contact wires 
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Fig. 2. Horizontal projections of three adjacent 
hanger locations at any place in the span 
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finding the correct multiplier for the U and S curves; 
thus a general equation may be written, 
t=aU+0S8S 

where a and 0 are the respective multipliers of U and S 
curves to satisfy the conditions of the particular curve 
in hand. In the case of uniform curves where the span 
lengths do not change, b becomes zero and a is deter- 
mined by the length of span, the radius of track curve 
and the slope of the U curve at the support. 

The contact wire must take a smooth continuous 
curve from span to span. Mathematically this means 
that the contact wire curves for two adjacent spans 
must have a common tangent at the support. This is 
one of the conditions used in the solution of the con- 
stants for the general equation of the contact-wire 
curve. These constants are obtained by solving si- 
multaneously the group of equations which can be 
written for two adjacent spans. The data regarding 
the track characteristics are obtained from field mea- 
surements or track plans. In order to obtain a solution 
it is necessary to approximate a value for the contact 
wire ordinate at the third support in the two spans but 
it can be done by treating the section of track, at the 
third support, as a uniform curve. The value used will 
be checked automatically by the calculations for the 
next span. When the constants for the general equa- 
tion are obtained the values for the contact wire ordi- 
nates at the various hanger locations and supports 
can be calculated and all the values for hanger lengths, 
angles and support locations are known. 

The contact-wire curve may not assume the same 
shape as the track curve. On uniform curves it can be 
given practically the same shape as the track curve but 
this imposes certain limitations on the design that are 
not always desirable. The average unit stresses in the 
supporting and supported wires must be the same for 
materials of the same specific gravity. Where this 
design condition is not followed the contact-wire curve 
will depart somewhat from the track curve and must 
be allowed for in the design. 
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Fig. 3. “U" and “S" curves showing relative 
horizontal projections of hangers at different points 
in the span. Values for one-half of the span 
only are shown, the other half being symmetrical 
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Catenary Construction 
Cleveland Terminal 


Design and construction details involved in 
the electrification of 59 track miles in con- 
nection with a major union terminal de- 
velopment are outlined. 


By 

N. F, CLEMENT Formerly with The Cleve- 
Associate A. I. E. E. land Union Term. Co. 
E. E. RICHARDS The Cleveland Union 
Non-member Terminals Company 


Oe CURRENTS and low over- 
head clearances were the principal factors governing 
the design of the catenary system of the Cleveland 
Union Terminal at Cleveland, Ohio, where twenty 
200-ton electric locomotives are in active service, 
each capable of pulling a fifteen-car pullman train up 
the maximum grade. Throughout the electrified 
system were many overhead bridges having relatively 
low clearance, and most of the station area is covered by 
buildings with an overhead clearance of but 17.5 ft. 

Two main tracks were electrified for a distance of 
11 mi. east of the public square, where the station is 
located, and about 6 mi. west of the same point. 
Including crossovers and yard tracks, the total electri- 
fied mileage is about 59 mi. Two substations, each 
approximately midway between an end of the elec- 
trification and the Cleveland station, supply the 
catenary system with 3,000 volts direct current. 


CATENARY CONSTRUCTION 


The tangent chord type of construction is used, 
because the weighty system necessary for the carrying 
of heavy currents does not lend itself readily to the 
inclined type of construction. Except through the 
Cleveland station, the construction over the two main 
tracks consists of a primary messenger supporting by 
hangers a secondary or auxiliary messenger to which are 
clipped two 4/0 grooved bronze contact wires placed 
side by side. The primary messenger has a 19-wire 
core of high-strength bronze, and a 16-wire outer layer 
of copper, the total conductivity being equal to 350,000 
cir. mils of copper. The auxiliary messenger is 4/0, 


From ‘Design of Catenary System for Cleveland Union Terminal,”’ 
(No. 31-51) presented at the A.I. E. E. winter convention, New York, 
Jan, 26-30, 1931. 


734 


19-wire hard-drawn copper, and the hangers supporting 
it are of No. 1 hard-drawn copper wire. 

For yards and crossovers the auxiliary messenger 
is dispensed with. The two 4/0 grooved bronze con- 
tact wires are placed one above the other, the upper one 
suspended by means of hangers from a %%-in. bronze 
messenger, and in turn supporting the lower one by 
clips. 

In the station area, tandem contact wires only are 
used. These are 4/0 grooved bronze wires, one above 
the other as in yard construction, suspended in approxi- 
mately 70-ft. spans. This construction was necessary 


Dead-end construc- 
tion for two main- 
line catenaries. Yoke 
assemblies are used 
for the auxiliary 
messenger and con- 
tact wires, similar 
to those for the main 
messenger 


to keep the line down to around 17 ft. above the rail. 
The main messenger and auxiliary are dead-ended on 
both sides of the station, and one 150,000-cir. mil 
cable for each main line track is carried through a 
duct from one dead end to the other. 

Each main line catenary is divided electrically into 
five sections by four air-gaps or isolated sections. 
Separate feeders are run to the isolated sections, two 
sections being on the east and two on the west of the 
Cleveland station. 

The maximum span on tangent track was fixed at 
300 ft., giving a sag of approximately 5 ft. at 60 deg. 
fahr. with the assumed weights. With a 21-in. sus- 
pension assembly, a 6-in. center hanger, and an assumed 
3-in. distance between the auxiliary messenger and the 
contact wires, it was found that structures about 7 ft. 
6 in. higher than the contact wires were required. Due 
to the great number of low-clearance overhead street 
bridges it was decided to use the rather low normal 
contact wire height of 18 ft. 6 in. at 60 deg. fahr., thus 
giving a structure height of 26 ft. for a 300-ft. span. 

For spacing structures on curves, charts similar to 
those used by the designers of the Illinois Central 
catenary system were made up. It was assumed that 
on curves the contact wire would not be allowed to be 
more than 12 in. from the inclined center line of the 
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track, either at the center line of the span or at the 
ends, thus giving a maximum allowable middle ordinate 
of 2 ft. In laying out the plans, celluloid curves repre- 
senting the messenger wires with dead load at 0 deg., 
at 60 deg., and at 120 deg. fahr. were made and used on 
profile paper to draw in the messenger above the con- 
tact wires. The height of all structures then could be 
read directly from the profile. 

When approaching low-clearance overhead street 
bridges the line was gradually lowered so that the 
messenger took its natural curve under the bridge, 
avoiding upthrust on the suspension insulators at- 
tached to the bridge. The natural curve used in these 
cases was the 0-deg. curve. 

The various structure heights obtained from the pro- 
file were grouped in steps varying by 6 in.; foundation 
depths also were varied by 6-in. steps. This expediency 
permitted the structures to be designed in groups vary- 
ing in height by 1 ft. 


SAG AND TENSION CALCULATIONS 


Parabolic formulas were used in the sag and ten- 
sion calculations, because the parabola of the simple 
curves was considered to give the closest approximation 
to the true curve of the messenger. The sag and tension 
chart was drawn for a 300-ft. span, modified slightly 
from the A. E.R. E. A. chart in that the load lines 
were made curved instead of straight, thus allowing 


Steady arms are used on tangent track to brace the 
auxiliary messenger and contact wires 


the use of a uniform scale for sag. The decision to use a 
non-corrosive messenger was found to introduce large 
vertical movement that could not be avoided. The 
messenger finally selected had a sag of 46.5 in. at 0 deg., 
58.5 in. at 60 deg., and 73 in. at 120 deg. fahr. for 
a 300-ft. span. 

The equivalent span, using Idail’s formula, was found 
to be 260 ft. for the main line and to range from 120 
to 280 ft. for the yard lines. As it was impossible to 
string every yard line on a different tension basis, the 
yard-line values were divided into two sets, those having 
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equivalent span lengths up to 200 ft. using 160 ft., and 
from 200 ft. up using 240 ft. The equivalent span for 
the auxiliary messenger and contact wires was 20 ft. 

From the charts based on equivalent span lengths, 
curves of tension against temperature were plotted. 
These stringing charts were made up for all wires. 
The main messenger chart also had curves of sag against 
temperature, so that the messenger could be strung by 
either the sag-stick or the dynamometer method. 

The system of spacing hangers which was worked out 
is simple, looks well, and was easy to lay out in the field. 
The end hanger is always 10 ft. from the suspension 
clamp; then, working toward the center, there are as 
many 20-ft. spaces on each side of the center as will go in 
evenly. Any space left in the center of the span is 
divided into from one to three equal spaces. An in- 
strument designed to roll along the messenger was used 
to mark the spaces so that tapes were not needed. 
Hanger lengths were obtained to the nearest half-inch 
by a graphical method. 


STRUCTURAL DETAILS 


For dead-ending the main messenger the yoke set 
used comprises two parallel strings, each consisting of 
three 10-in. 18,000-lb. insulators. The auxiliary mes- 
senger and the two contact wires are dead-ended with a 
similar assembly giving a symmetrical appearance and 
equivalent electrical strength. The dead-end assembly 
for the yard messenger and the two contact wires con- 
sists of two 12-in. 24,000-lb. insulators in series. 

At all structures on tangent track a steadyarm is- 
used to brace the auxiliary messenger wire and both 
contact wires. At those structures which were followed 
immediately by a curve or spiral, a pull-off attachment 
added to the steadyarm was necessary because of the 
low auxiliary-messenger tension. If the contact wires 
are not held where slight changes in alinement occur, 
such as at the beginning of a spiral, they pull toward 
the inside of the curve enough to permit the auxiliary 


The type of pull-off 
construction used on 
the main lines. Much 
time was saved in con- 
struction by the use of 
chain supports 
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messenger to gather slack from both sides of the steady- 
arm resulting in a large horizontal sag in the messenger 
at the point where it is clamped by the steady arm. 
On the sharper curves regular pull-offs without steady 
arms were used. 

An interesting feature of this installation is the use of 
3%-in. galvanized chains instead of cable and Crosby 
clips to hold the pull-off. Much time was saved in 
erection, and it is expected that by this scheme much 
more will be saved in maintenance. The chain link is 
dropped into a slot in the vertical leg of an angle, which 
in turn is bolted to the column or bracket. 

The steadyarms were attached to the structures so 
as to be approximately horizontal at 0 deg. fahr., and 
the pull-offs, so that their slope at 0 deg. would be 
parallel to a line across the top of the track rails. 


Telephone Toll 
Cable Extended 


Completion of the longest telephone toll 
cable west of the Mississippi gives San 
Francisco and Los Angeles a 275-circuit 
all-cable communication channel, the 
equivalent of three of the latest-type 60- 
wire open leads completely equipped with 
carrier systems. The project cost ten 
million dollars, involved some heavy con- 
struction problems, and provided an 
important step toward an ultimate all-cable 
transcontinental system. 


By 

E. M. CALDERWOOD Pac. Tel. & Tel. 
Member A.1I. E. E. Co., San Francisco 
D. F. SMITH So. Calif. Tel. Co., 


Associate A. I. E. E. Los Angeles 


I. THE TERRITORY of the Pacific 
Telephone and Telegraph Company there are four 
major centers of population: the triangle formed by 
Portland, Seattle, and Spokane on the north; the 
San Francisco Bay district in the center; the Los 


From ‘‘The San Francisco-Los Angeles Section of the Pacific Coast 
Cable Network,’ (No. 31-125) presented at the A. I. E. E. Pacific Coast 
convention, Lake Tahoe, California, Aug. 25-28, 1931. 
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Nearly all the brackets, angles, ete., for supporting the 
catenary and holding it in the correct horizontal relation 
to the track are fastened to the structures with bolts to 
facilitate shifting them to conform with changes in track 
alinement. The steadyarm and pull-off attachments 
are designed to permit a vertical adjustment of 1 ft. 

After the erection was completed a final alinement of 
the overhead system was made, using the pantagraph 
of a trolley as a guide. The pantagraph was marked 
with white lines 1 ft. on each side of the center, and the 
catenary was so adjusted that the contact wires were 
kept within these lines at all points. It was found that 
very little realinement was needed. No major operat- 
ing troubles have developed during the several months 
that this catenary system has been in service; and it 
has proved very satisfactory. 


Angeles-San Diego area on the south; and the Sacra- 
mento-San Joaquin Valley area in the central part of 
California. Originally, telephone service was estab- 
lished between these centers by the use of relatively 
small open-wire leads.. As demands for intercity service 
increased, it became necessary to concentrate more 
plant in the vicinity of these populous areas and also to 
enlarge the connecting routes. 


About 1920 it became apparent that in several cases 
future telephone facilities would have to be provided by 
means of cable. Hence a program was entered into 
initially involving cable extensions from Los Angeles to 
Long Beach, Anaheim, and Santa Monica; a cable 
between San Francisco and San Jose; and between 
Seattle and Tacoma. 


Prior to the installation of the San Francisco-Los 
Angeles toll cable there were two main open-wire toll 
routes (Fig. 1) between these points, one known as the 
coast route and the other as the inland route. These 
leads were of the phantomed type and were transposed 
for the use of carrier telephone systems. In addition 
to the voice circuits supplied by these facilities, they 
provided for miscellaneous services, such as telegraph, 
radio program supply, and _ picture transmission. 
Annual growth in the telephone circuits was such that 
after 1980 it was economically impossible to care for 
the requirements by additions to these leads. 

Various plans for relief were studied, resulting in 
1926 in the adoption of a program for the installation 
of a toll cable along the inland route. This cable, now 
completed, is the longest (412 mi.) west of the Missis- 
sippl; with buildings and associated equipment, it 
represents an investment of approximately $10,000,000. 
It was placed in service September 2, 1930, and provides 
approximately 275 circuits, about the equivalent of 
three of the latest type six-arm pole leads fully equipped 
with carrier telephone systems. Conductors suitable 


ELECTRICAL ENGINEERING 


for both long- and short-haul circuits are included in the 
eable (Fig. 2) and means are available for furnishing all 
special services previously mentioned. 


CODE 
SUBWAY AND UG CABLE ROUTES 
POLE LINE AND AERIAL CABLE ROUTES 
POLE LINE AND AERIAL WIRE ROUTES. 
(S) REPEATER STATION 


Fig. 1. Map showing open-wire and cable routes 
between San Francisco and Los Angeles 
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ENGINEERING FOUNDATION 


The cable selected was a full-size Bell System stand- 
ard weighing approximately 7.6 lb. per ft. and having a 
lead-antimony sheath 0.125 in. thick. In this cable 
spirally wrapped paper-insulated wires are twisted 
together to form pairs which in turn are twisted to- 
gether in groups of two pairs to form “quads,” the unit 
dealt with when it is desired to use phantomed opera- 
tion to enable three voice paths to be derived from two 
pairs of wires. 

To decrease the attenuation or transmission loss, 
loading coils in cast iron or welded steel cases are asso- 
ciated with each pair at regular intervals throughout 
the route. Three Bell Standard loading systems were 
selected. One (known as H-44-25) is used for long-haul 
service and consists of 44-mh. coils on sides and 24-mh. 
coils on phantoms, these coils being placed on H or 
6,000-ft. spacings. This loading is placed on 19-gage 
wire and the facilities so obtained are operated on a four- 
wire basis (2. €., separate paths for the two directions of 
transmission). Having separate paths for transmitting 
in two directions makes greater amplification possible at 
repeater offices and greater freedom from difficulties 
arising from electrical reflection or echoes. However, 
with the longer four-wire circuits it still is desirable to 
install equipment which eliminates the echo return 
path. Hence echo suppressors are installed at Fresno. 

The next loading system, in order of decreasing 
excellence, consists of the same weight of coils with the 
same spacing on 16-gage wire, the actual leading differ- 
ing only in slight adjustments for cross-talk. These 


- ,O™OB® 
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22 GA. QD. TRACER 
/9 GA, QO. 
/6 GA. QO. 


16 GA. PR. 


COLORS OF INSULATION. 
BOARDING NUMBER. 
COLOR OF BINDER, 


GROUP 1, 6 QUADL 166A 2 WIRE 
GROUP 2. (3 QUAQY. [EGA 2-WIRE 


GROUPS. 4.3 QUADS 196A. d- WIRE 
GROUP 4. 6 PAIRS: 166A, BROADCAST 


GROUP 6. 3 QUADS 196A. WIRE 
GROUP 7, 6 PAIRS, 166A. BROADCAST 
GROUP 8. / QUAD. 226A, TRACER 


Fig. 2. Typical cross-section of Fresno-Los 
Angeles unit of new toll cable 
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Fig. 3. 
wire lead through Tehachapi Mountains 


Cable construction adjacent to old open- 


Full-treated 25-ft. Douglas fir poles on 110-ft. spans are normal, 
although pole heights run to 60 ft. and spans to 510 ft. 


facilities are used on a two-wire basis (7. e., the same 
path for the two directions of transmission). The 
third system of loading, which has been used on either 
16- or 19-gage wires, provides circuits for relatively 
short hauls only. This system of loading (known as the 
H-172-63) uses 172- and 63-mh. coils on the sides and 
phantoms, respectively, placed on 6,000-ft. spacings. 
A fourth loading system (B-22) not yet in place is pro- 
posed for very high-grade service in transmitting radio 
broadcast programs. This loading is placed on 16-gage 
pairs and consists of 22-mh. coils placed at 3,000-ft. 
intervals. 

While loading decreases the attenuation of the voice 
current, amplification still is required at certain inter- 
vals on the longer cable circuits. This is obtained by 
using vacuum-tube amplifiers or ‘repeaters’? more or 
less regularly spaced along the cable. The practical 
limit in improvements obtainable by loading, and the 
lower cost of relatively small wires, made economical 
the placement of repeaters at about 50-mi. intervals on 
the Los Angeles-San Francisco cable. There are three 
types of these repeaters which have been standardized: 
the first is the four-wire amplifier consisting of two 
independent amplifiers for the two directions of trans- 
missions; the second is for two-wire circuits and con- 
sists of two one-way amplifiers interconnected through 
devices known as hybrid coils which separate the two 
directions of transmission; and the third type is for use 
on the 16-gage B-22 loaded circuits transmitting pro- 
grams for radio purposes. These are high-quality 
amplifiers passing a very wide range of frequencies and 
are used for transmitting in one direction only. The 
shortness of the spacing between the repeater points at 
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San Francisco and Oakland was justified for practical 
and economical reasons in connection with 22-gage 
cable in the submarine section. (Fig. 1.) 

As a general rule 20-cycle current is used for signaling 
on the shorter cable circuits on which telegraph circuits 
are not superposed. For circuits more than two re- 
peater-sections in length, 135- or 1,000-cycle signaling 
currents are used, depending upon the economies of the 
particular case. If 1,000-cycle signaling is used, it is 
interrupted at the rate of 20 cycles per sec., and has the 
advantage of passing through and being amplified by 
the repeaters, necessitating no equipment for relaying 
around the repeaters as is the case for 20- and 135- 
cycle current on circuits more than two repeater- 
sections in length. 


CABLE SELECTION AND DESCRIPTION 


Individual circuits in the cables are designed to pro- 
vide a predetermined grade of transmission on the 
basis of the “general toll switching plan,” the funda- 
mental Bell System circuit arrangement used for the 
layout of toll plant. In instances where more than one 
design will fulfil the requirements the most economical 
one is selected. 

Although it is generally desirable to install a cable 
with the same make-up in all sections, it was not pos- 
sible in this case, because of differences in the circuit 
requirements and the different rates of growth along 
the various portions of the route. A typical cross- 
section of the cable used between Fresno and Los 
Angeles is shown in Fig. 2 where may be noted the 
location of the various quads and pairs contained in it, 
the coloring of the insulation which enables particular 
quads to be identified, and the system of numbering. 
The quads are arranged in layer formation with the 
16-gage quads in the center. The twelve 16-gage broad- 
cast pairs and the 22-gage tracer quad are interspersed 
in the first and third layers (counting from the outside) 
of 19-gage quads placed around the 16-gage section. 
The heavy lines are merely to aid in visualizing the 
segregation of the various groups in the cable and do not 
represent a shield or separator of any kind. The tracer 
quad is used for test pairs during the construction period, 
and for making good any bad quad in a reel length. 

The cable line comprises 138 mi. of aerial cable, 270 
mi. of underground cable, and, under San Francisco 
Bay, 4 mi. of submarine cable. To a great extent loca- 
tion of the aerial plant was dependent upon the terrain 
and the presence of high-voltage power systems. 
Private right-of-way routes were available in many 
sections and where used provide a strip of land at least 
100 ft. wide. In general the cable was placed in under- 
ground conduit in principal cities and towns, and in 
such other places as major moves apparently would be 
required in the immediate future, or where, for other 
reasons, such construction was economical. With the 
exception of 18.6 mi. of fiber duct on private right-of- 
way south of Bakersfield, all of the underground was of 
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clay duct. The principal sections of the route on pri- 
vate rights-of-way occurred between Hayward and 
Stockton Junction and between Bakersfield and New- 
hall; mountainous country was encountered in both 
instances, justifying the use of private rights-of-way on 
the basis of savings in cable mileage. 

For a distance of some 34 mi. between Merced and 
Madera the cable parallels an 11-kv. circuit of the San 
Joaquin Light and Power Corporation at a separation of 
about 150 ft. This exposure was considered sufficiently 
severe to warrant some remedial measure, and a plan 
was developed jointly with the power company which 
provided for the breaking of the exposure into several 
sections, and the reduction of its total length by re- 
routing a portion of the power line. The costs of this 
measure were borne jointly by the two companies. 

For 57 mi. between Bakersfield and Newhall the 
cable is carried aerially on a private right-of-way. 
Thirty-five miles of this is over the Tehachapi and 
Sierra de La Liebre Mountains, passing through some 
rough country. (Fig. 3.) The route was selected to be 
as short and direct as possible, consistent with acces- 
sibility and economy. The most desirable location 
leading through fairly direct canyons and passes had to 
be avoided because of the presence of a 220-kv. power 
line from which a maximum separation was desirable to 
avoid inductive interference. The Ridge Route high- 
way, a scenic motor artery which in general follows the 
summits of the ridges, also was impracticable because 
of the length ofits circuitousroute. In these mountains 
elevations of 4,500 ft. are encountered where heavy 
snows and occasional sleet storms occur during the winter 
months. Hence, in accordance with Bell System stand- 
ards, this section is classified as a medium-loaded area. 

Among the unusually interesting construction prob- 
lems encountered in this 35-mi. desolate and practically 
uninhabitated section were the building of about 10 mi. 
of construction road and nine bridges, and the widening 
and grading of 9 mi. of existing narrow dirt roads or 
paths. The nearest railroad station from which material 
could be hauled was Lancaster, on the Mojave desert to 
the east. From that point a satisfactory road extended 
for about 40 mi. toward the line from which point special 
transportation equipment was used over the construc- 
tion roads. From the railroad delivery point at Lan- 
easter, the principal items of material were transported 
to the job in a series of three steps: (1) 10-ton six-wheel 
trucks and trailers hauled the material over as much of 
the distance as was accessible to them; (2) then 21%- 
ton four-wheel-drive trucks, and (38) in some instances 
tractors and trailers, were used to deliver the material 
to its point of use. 

Loading-coil cases weighing as much as 1,675 lb. were 
placed approximately 6,000 ft. apart and to facilitate 
shis work and the setting of poles, special rigging often 
was required. Special automotive equipment for han- 
lling the reels of cable weighing up to 6,000 Ib. and for 
ligging holes, setting poles, and pulling cable was used 
0 good advantage. Frequently because of the rugged- 
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Fig. 4. Colony built for Quail repeater station 


Fig. 5. 
tion—lowering a reel of cable down a mountain side 


A piece of typically difficult construc- 


ness of the territory and the consequent impossibility 
of reaching the desired locations with power equipment 
many of these operations had to be performed by hand. 


PROTECTIVE FEATURES 


The insulating qualities of the paper strip used for 
electrical separation of the conductors of a telephone 
cable are entirely dependent upon the exclusion of 
moisture. For this reason it is essential that the cable 
sheath be made moisture-proof and maintained in that 
condition. Methods which have proved valuable during 
the past few years make use of dry, compressed nitrogen 
gas, maintained under pressure within the cable sheath. 
A recent development is the use of continuous pressure 
in the cable after completion, with low-pressure alarm 
contactors spaced along the sheath at equal intervals. 
A drop in pressure in the vicinity of a contactor causes 
it to operate and close an alarm circuit in the cable 
which in turn sounds an alarm in the testing office. 
Gas escaping through any holes occurring in the sheath 
prevents the entrance of moisture for a sufficient time 
to permit the hole to be located and repaired. This 
method is in use in the fiber-duct section south of 
Bakersfield. The gas outfits consist of 100-cu. ft. tanks 
equipped with small regulating outfits which control the 
admission of the gas to the cable. 

In general, on this job, each reel of cable was tested 
by injecting the gas into it under pressure after it had 


739 


been pulled into place and before the sheath-ends were 
opened preparatory to splicing. With a pressure of 
12 lb. per sq. in. throughout the cable length, any sheath 
opening manifested itself by a drop in pressure and was 
located with the aid of the hissing noise caused by the 
escaping gas. After each splice was completed it was 
tested by forcing nitrogen under pressure into it through 
a small hole in the sleeve, any opening being indicated 
by bubbles in the liquid soap with which the sleeve then 
was painted. 

Elaborate means are taken in modern toll cables to 
reduce cross-talk between pairs and to reduce the pick- 
ing up of noise from outside sources. The various cir- 
cuit groups are kept separate, each group retaining its 
identity throughout each repeater section. An example 
of this is shown in Fig. 2 where it may be seen that the 
four-wire group transmitting in one direction (Group 
6) is kept apart as much as possible from the four-wire 
group transmitting in the other direction (Group 3). 
The broadcast pairs are located in the four-wire group 
transmitting in the same direction in which they are used. 

The twisted-pair and quad arrangement previously 
described provides the initial transposing between 
circuits. In manufacturing the cable, three regular 
types of quads are made, each differing from the other 
by the length required for the pair-twists, and by the 
length used per twist when the pairs are formed into 
quads. These different types of quads are used further 
to reduce the cross-talk between the cable circuits. 
To avoid the possibility of two quads in adjacent layers 
continuing beside each other for any particular distance, 
alternate layers are stranded in opposite directions during 
manufacture, the exact relationship between the layers 
shown in Fig. 2 being true only at exceptional points. 

Special attention to splicing technique and splice 
transpositions tends to equalize or compensate for 
various circuit inequalities, cutting down cross-talk. 
Further to reduce cross-talk between two-wire circuits, 
at each repeater point the cross-connections are so 
arranged that while the phantom circuits are connected 
straight through, the side circuits are systematically 
rearranged among the quads. For the four-wire circuits 
a similar procedure is followed at the repeater offices 
which are located at the ends of circuit units. It should 
be noted that all these efforts to reduce the cross-talk 
do not result in its entire elimination, but serve to re- 
duce it to within an acceptable limit. 

Measurements and tests made on the sides and 
phantoms (after all the splices for a repeater section are 
completed and the pairs with opens, crosses, grounds, or 
low insulation have been cleared or tagged) include 
loop resistance, resistance unbalance, insulation re- 
sistance, cross-talk, transmission measurements at 1,000 
cycles which are checked against calculated values, 
“singing-point”” tests, and impedance-frequency runs 
on those circuits which have a poor singing point. In 
general, impedance runs are made on a sample of from 
5 to 10 per cent of the circuits to check the correctness 
of loading and to locate irregularities. 
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BUILDINGS—EQUIPMENT—M AINTENANCE 


Equipment associated with the cable is placed in 
eleven buildings along the route, five of which were 
newly constructed for the purpose and one of which, 
isolated in the Tehachapi Mountains, required the 
construction of residences for the operating personnel 
(Fig. 4). Equipment contained in these offices is 
required principally for phantoming, ringing, amplify- 
ing, and regulating purposes. Its extent may be ap- 
preciated from the fact that nearly 6,000 three-element 
vacuum tubes were supplied initially, although in many 
offices only sufficient equipment was installed to take 
care of a part of the circuits which ultimately will be in 
service in the cable. 

In operating the cable, it is convenient to establish 
“circuit units’ which consist of circuits lined up for a 
definite transmission value between the offices desig- 
nated as “circuit-unit terminals’—San Francisco, 
Modesto, Fresno, Bakersfield, and Los Angeles. These 
circuit units are interconnected to form longer circuits, 
it being necessary merely to insert repeaters with the 
proper gain at the circuit-unit terminal offices. Each 
circuit unit is under the jurisdiction of a control station 
(San Francisco, Oakland, Fresno, Los Angeles) which is 
responsible for keeping it up to the required transmis- 
sion standard. Test wires are set up in the cable 
between the various repeater points to enable each 
station to converse with all others as required in lining 
up and maintaining the circuits. 

Variations in conductor resistance occasioned by 
daily and seasonal temperature changes may cause 
disturbances in the transmission losses of the various 
cable circuits. To compensate for this, a pilot-wire 
regulating system is installed in each circuit-unit 
section. This system consists essentially of a compos- 
ited cable-telegraph circuit, or pair, known as a pilot 
wire, the resistance variations of which cause equip- 
ment in certain repeater stations to function and auto- 
matically compensate for variations in all circuit units. 
The circuits are of course lined up for average tem- 
peratures, and the regulators provide for temperature 
variations in either direction. 


FUTURE EXTENSIONS 


It is expected that future demands for toll circuits 
on the Pacific Coast will result in further major exten- 
sions to the long distance cable network. Among the 
factors which tend in this direction are: the availability 
of tape armored cable which may be placed directly 
in the ground without a subway structure; the use of 
automotive equipment which makes feasible the exten- 
sion of heavy cable plant into rougher country; and 
the use of gas pressure in cables to indicate potential 
trouble, which makes practicable the maintenance of 
cables through sparsely populated areas. 

These items, and others which undoubtedly will be 
realized in the near future, permit forecasting the ex- 
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tension of the coast cable network to connect the 
Seattle area with the Southern California area and the 
ultimate use of cable to connect the Pacific Coast cable 
network with that of the rest of the Bell System. 


Engineering Progress— 


1731 - 1831 - 1931 


The second article in The Engineering 
Foundation’s symposium ‘Has Man Bene- 
fited by Engineering Progress?” presented 
here predicts further industrial decentrali- 
zation as a result of the wide availability of 
electric power. 


By 
MARTIN J. INSULL 


Associate A. I. E. E. 


Middle West Utilities 
Company, Chicago 


F.. SOME peculiar reason, in com- 
parisons of present day life with that of preceding 
times, it seems to be assumed that progress invariably 
moves in one direction only. This of course is not 
necessarily true. We see this clearly if we review the 
history of the primary factor underlying the industrial 
changes of the twentieth century and the two centuries 
which preceded it. 

That primary factor is power. Our life today, with 
its machinery, its mass production, and its teeming 
cities, is an outgrowth of changes in the nature of our 
power resources. The rural life which it supplanted 
likewise was determined by the nature of the power 
resources of the time. 

Naturally the human race’s work and welfare vary 
according to the amount of energy at its command. 
If energy is limited to human and animal muscle, de- 
pending upon vegetation for its fuel, it sets certain 
limits on the amount of possible production. Likewise, 
it dictates a dominantly agricultural mode of existence. 
However, if energy is derived from coal and water, the 
limits upon production tend to disappear and the 
importance of agriculture diminishes. 

If we examine the nature of our energy resources in 
1931 and compare them with the energy resources of 
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1831, and of 1731, we shall see quite clearly how the 
form of industrial structure always has been dictated 
by this energy factor. And by close examination, we 
shall see that the direction of these changes is not always 
the same. 

The year 1731 was one in which population was 
widely diffused. Why? Because it was necessary to 
derive from agriculture the greater amount of the energy 
necessary to do the world’s work; and agriculture is 
necessarily a scattered activity. Furthermore, with- 
out mechanical power there was little incentive to 
develop machinery or to organize people into factory 
groups. 

In the following hundred years violent changes 
occurred. Freed from the definite limitations of 
human energy, and with the infinite resources of the 
coal pit at its command instead of the meager annual 
crops, industrial production was multiplied. To take 
advantage of this greater energy supply it was necessary 
to concentrate production because the power supply 
itself was concentrated. Great cities drew population 
from the countryside. The countryside could spare 
them because agriculture no longer had to produce the 
entire energy supply, and because penculvure itself 
simultaneously became more efficient. 

That trend toward concentration, when superficially 
considered, seems to have continued to the present day. 
There are, to be sure, ample evidences of it. But 
there are still more striking evidences to the contrary; 
evidences that industry is tending once more away from 
concentration and toward diffusion. 

These changes, too, are concerned with the nature 
of our energy supply. By 1831 power had changed 
the decentralized industry of 1781 into a centralized 
industry; in 1931 power appears to be changing industry 
back into a decentralized structure. The power 
supply of today is widely distributed. At virtually 
every point on the map, electricity is available in any 
quantity, whereas its predecessor, steam power, was 
to be had at relatively few points. The same is true 
of transportation, which after all is only another form 
of power. 

And industry is not slow to recognize the advantages 
of decentralization in terms of lower costs and im- 
proved working conditions. In this there is hope for 
those who view with despair our industrial evolution. 
Let them not conclude that, because we were headed 
toward industrial concentration for a century or more, 
we cannot reverse the direction of our development. 
We need not necessarily expect still more congested 
cities, still higher skyscrapers, nor a depopulated 
countryside. The industry of the future is more 
likely to reinhabit the countryside; to possess all the 
advantages of power machinery without the disad- 
vantages of congestion which have hitherto accom- 
panied it. 


Editor’s Note: Pursuant to the invitation of The Engineering Founda- 
tion, the editors will be happy to receive comments, suggestions, criticisms, 
or discussions pertaining to this or the other articles published in this series. 
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Power Supply for 


F cone telegraphic com- 
munication is expected in this day of increasing speed of trans- 
portation; and speed must be accomplished with accuracy and 
the highest degree of service continuity. In order to meet 
these service demands electrically-operated devices in great 
variety, including belt-type message conveyer and pneumatic 
tubes in the larger offices, are finding their 
way into telegraphic service in ever-increasing 
quantities. Thus it is that the power plant 
is more than ever the heart of the system and 
every means must be provided to maintain an 
absolutely unfailing supply of electric energy. 


equipment from regular to emergency circuits upon slight 
potential drop in the regular circuits, and to do so with- 
out loss of synchronism in automatic equipment and 
circuits. The switch accomplishes the transfer from 
one power source to the other in less than 0.1 sec. 
and represents one of the most important of recent 
developments in telegraphic equipment. 


(D) Half of the main power 
switchboard in the New York office basement. This 
( A) ms Lepipssarent section controls ‘telegraph power including belt conveyers, 
co {ase Sep somber nis compressors, a portion of the lights, emergency generating units, 
and two other similar steam-engine-driven dynamo groups and the emergency storage batteries. 

were installed by the Western Union at 195 Broadway, New 
York, the first in a telegraph office. The sketch is reproduced 
from the Scientific American of January 31, 1880. Hach 
machine delivered 40 amperes at 70 volts; four of each group 
in series provided potentials of 70, 140, 210, and 280 volts, with 
the fifth serving as an exciter. One group furnished positive 
potentials; one negative potentials; and the third group was 
astandby unit. The plant replaced 15,000 gravity cells and 

released 90 per cent of a 10,000-sq. ft. floor for other uses. 


(B) Some of the 37 motor- 
generators totaling 190 hp. recently installed on the eleventh 
floor of Western Union’s new building at 60 Hudson Street, 
New York, to serve 1,123 automatic and 145 Morse telegraph 
circuits and about 500 ticker circuits. The present maximum 
power demand of the New York office totals 295 kw.; 75 kw. 
for telegraph circuits, 50 kw. for ticker circuits, 40 kw. for 
belt conveyers, and 130 kw. for pneumatic tubes. For the 
operation of message belt conveyers, 15,722 ft. of belt and 274 
small motors totaling 76 hp. are used. 


(C) Distribution switchboard 
on the eleventh floor power room of Western Union’s New 
York office. Duplicate sets of feeders traversing separate 
shafts connect this board with the telegraph board (C). 
On the second panel may be seen a high-speed automatic 
throw-over switch developed specifically to shift telegraph 


From ‘‘Telegraph Power Plants,’ (No. 31-62) by E. W. Griffith, 
Western Union Telegraph Company, New York. Presented at the 
A. I, E. E. winter convention, New York, Jan. 26-30, 1931. 


742 ELECTRICAL ENGINEERING 


Telegraph Service 
W vcrees Union policy 


now calls for the acquisition of power from local electric service 
companies instead of from private plants or batteries. This 
requires the use of motor-generator sets at the various offices 
for conversion to the desired voltages. Continuity of service is 
guarded by emergency engine-driven sets or storage 
batteries; or in the most important offices by both. At 
present there are about 1,085 Western Union stations 
equipped with a total of 4,320 motor-generator sets; 
115 depend upon storage batteries for main power 
supply; some 450 isolated railroad stations still depend 
upon gravity batteries. 


(E) High-speed pneumatic-tube 
blower installation at New York serving 50,000 ft. of tubing 
used for handling telegrams to 60 branch offices and 48 stations. 
A total of 363 hp. in blowers and compressors is required. 


(F) An 8-cylinder, 200-hp., 1,200- 
r. p. m. gasoline-engine emergency set, typical of the new 
area in automotive design. The evolution of satisfactory high- 
speed, internal-combustion industrial-type engines and the 
economic advantages accruing from their use for emergency 
telegraph power supply have brought about some trial installa- 
tions. In the new Western Union office in Boston an engine 
similar to that illustrated will drive a 125-kva., 208-volt, three- 
phase, 60-cycle alternator. It is expected to effect savings both 
in space required and in first cost. 


(G) Motor-generators of 500- 
watt size and smaller generally are mounted on self-supporting 
steel frame ‘‘wall-type benches”’ specially designed to conserve 
space in the small offices where they are used. The sets shown 
are of special design, and each generator has a double com- 
mutator enabling it to serve an individual metallic cireuit 
with 160 volts of both polarities. Switches, jacks, and cords 
provide for convenient transfers to meet emergencies. 


(H) In some of the larger 
offices economies dictate two smaller emergency units instead 
of one larger one. The two shown are 6-cylinder, 80-hp., 
900-r.p.m., gasoline engines driving 50-kva., 220-volt, 
three-phase, 60-cycle alternators in the Western Union’s 
Pittsburgh office. Starting batteries and control panel may 
be seen in the background. All moving parts are covered 
and the exhaust manifolds are water-jacketed; a Maxim 
silencer usually is installed in the exhaust line. To decrease 
the transfer of noise and vibration to the building the entire 
sub-base is mounted on springs; and all connections, of course, 
made with flexible piping. In Western Union offices through- 
out the United States there are installed 114 emergency units; 
67 gasoline, 23 gasoline (starting) and kerosene (running), 16 
fuel gas, 7 semi-Diesel, and 1 full Diesel. The smallest unit 
is 8 hp.; the largest 120 hp. 
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Field Tests on 
Circuit Breakers 


Tests show conclusively that the new high- 
speed oil-blast circuit breaker will clear 
the most severe faults within eight cycles 
or less, and from a system operating 
standpoint this type of breaker is reported 
as being definitely superior to other 
types. A careful analysis of the results 
shows further cause for the adoption of the 
multi-duty cycle. This and the two articles 
on the following pages outline the test 
procedure and discuss the conclusions 
reached. 


Ge. BREAKER field tests made 
during the summer of 1930 at the Philo (Ohio) plant of 
the American Gas & Electric Company, together with 
the contributions which these tests have made to the 
design and performance of circuit breakers are de- 
scribed in this article. Inasmuch as the tests involved 
the placing of short circuits directly on the 132-kv. 
bus of the largest generating plant on the entire inter- 
connected system, before conducting such an investiga- 
tion, careful consideration was given to the benefits 
which might be obtained. 

Most prominent among the disclosures made by these 
tests are: 


1. Circuit breaker performance. 


An increased confidence in the higher ratings of circuit breakers was 
demonstrated. That the 8-cycle breaker has been realized was shown 
definitely, while in addition some progress was made toward the adoption 
of a multi-duty cycle. The explosion-chamber type of breaker was shown 
to be distinctly superior to the other types tested. 


2. Circuit breaker development. 


Weaknesses which now exist in the mechanical construction of the explosion- 
type breakers for high-speed operations but which can be corrected in 
future designs were pointed out. 


3. System performance. 


Added experience and confidence in plant operation have been provided 
through the large number of short circuits carried directly on the generating 
plant bus without apparent damage to equipment. Normally, the rate 
of rise of recovery voltage across the breaker contacts was found not to 
exceed 600 volts per microsec. System voltage dips were observed to be 
notably less severe when the high-speed explosion-chamber breaker was 
being tested than when testing the other types. 


System connections for these short-circuit tests are 
shown schematically in Fig. 1. It may be noted that 
practically the entire interconnected system of the 
American Gas & Electric Company’s group, together 
with some of the more important outside intercon- 
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Fig. 1. System connections for the 1930 Philo 


132-kv. circuit-breaker tests 


nections, were tied together in a practically normal set- 
up. With such an arrangement a short circuit of over 
1,500,000 kva. was provided at the Philo bus, the major 
portion of which was supplied by the Philo plant itself. 

In order that the tests might be carried out to take 
advantage fully of the entire 1,500,000 kva., a standard 
breaker of that rating with a 60-in. tank was used. 
This was mounted on a concrete mat foundation 
immediately adjacent to the 182-kva. Philo switchyard 
(see Fig. 2) and was connected to the bus by short over- 
head 250,000-cir. mil copper conductors. 


TEST PROCEDURE 


The first group of tests consisted of 28 shots on the 
breaker equipped with standard butt-type explosion- 
chamber contacts. Of these, 7 were made with the 
Philo generators alone supplying the short-circuit 
current and with no transmission lines connected to 
the short-circuited bus; 4 of these 7 were made with full 
plant capacity; 5 shots were made with the maximum 
available system capacity and undoubtedly resulted in a 
duty on the circuit breaker either at or more than its | 
full rating. 

The second series of tests consisted of 40 shots on the 
same breaker equipped with the new oil-blast explosion 
chamber and contacts (see Fig. 3). These new explo- 
sion chambers have been described in previous publica- 
tions (see The Oil-Blast Circuit Breaker, by D.C. Prince 
and W. F. Skeats, ELECTRICAL ENGINEERING, Feb. 
1931, Vol. 50, p. 184). These tests included a total of 
16 shots with the maximum rate of recovery voltage 
and with no lines connected to the bus. In 7 of these 
16 shots full capacity of the Philo plant was connected 
to the bus thus. providing short circuits of from about 
1,000,000 to 1,285,000 kva. Six shots were made with 
the maximum available system capacity, all of which as 
in the previous case imposed full rated duty or more 
upon the breaker. 
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The third and final group of tests consisted of 18 
shots only, the tests having been cut short on account 
of a broken bushing on the breaker used as a closing 
breaker for opening shots on the test breaker. In these 
final tests the same breaker was used but was equipped 
with the older type of segmental contacts and explosion 
chambers. Six shots were made at intervals of from 
34 to 1% min. with light duty and rates of recovery- 
voltage rise; the succeeding 6 shots were made at in- 
tervals of from 1 to 3 min. with the maximum available 
system capacity. The final shot, which originally was 
intended to be the first of a series, was made with full 
capacity of Philo plant and with the medium rate of 
rise of recovery voltage obtained with one short line 
connected to the short-circuited bus. 

In all tests the rate of recovery-voltage rise was 
varied to suit by connecting or disconnecting lines to 
Philo generating station bus. By such manipulation 
three rates of recovery-voltage rise were obtained: 
namely, 270, 600 and 2,400 volts per microsec. 


Test Results and 


System Performance 


By 

PHILIP SPORN American Gas & 
Fellow A. I. E. E. Elec. Co., New York 
H. P. St. CLAIR American Gas & 


Member A. I.E. E. Elec. Co., New York 


ee DISTURBANCES due to 
the tests were not serious and caused but little trouble 
and but few complaints except from consumers at 
points nearby. Recording voltmeters were installed 
during the tests at all of the important 182-kv. sub- 
stations on the system. Typical charts from these 
recorders are shown in Fig. 4. While inertia and over- 
travel in a voltmeter of this type are responsible for 
some of the variations in the charts, nevertheless a 
clear comparison may be noted between the severity 
of disturbances caused by high speed and by ordinary 
circuit breakers. The most striking comparison is 
revealed by the charts obtained at points close to the 
Philo plant, such as those taken at Crooksville. Here 
again the inertia of the moving pen instrument plays a 
large part in the record obtained, but at the same 


From “Oil Circuit Breaker Tests—Philo 1930, Aims, Set-Up and 
Results from a System and Operating Viewpoint,’ (No. 31-25) presented 
at the A. I. E. E. winter convention, New York, Jan. 26-30, 1931. 
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time a fairly accurate comparison may be drawn. In 
addition it is felt that a dip, the duration of which is too 
short for the recording voltmeter pen to follow, may also 
be too short to cause a synchronous machine to fall 
out of step. 


SUMMARY OF IMPORTANT RESULTS 


In general the principal objects for which the tests 
were undertaken were quite fully realized. The man- 
ner in which the tests will prove of real benefit from the 
standpoint of system performance is indicated in the 
following listing: 


1. 2,500,000-kva. breakers now feasible. 


In view of the fact that a test breaker equipped with a 60-in. tank suc- 
cessfully interrupted a 1,735,000-kva. short circuit, there is little doubt 


Fig. 2. The 132-kv. 1,500,000-kva. oil circuit 
breaker with 60-in. tank used in the tests. Note 
proximity to substation and power house structures 
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but that standard breakers with 72-in. tanks will operate satisfactorily 
under their rated duty of 2,500,000 kva. This positive assurance is of 
value, in that it enables the engineer to plan system expansion along the 
most desirable lines without being hampered by fears of circuit-breaker 
limitations. 


2. The 8-cycle breaker a definite realization. 


All short circuits in tests on the new oil-blast explosion chambers and con- 
tacts were cleared in 8 cycles or less. High-speed breaker operation will 
greatly accelerate the clearing of a faulty line, which is particularly im- 
portant where two or more parallel lines are being protected. It is also 
valuable for preventing a complete loss of voltage on one of two intercon- 
nected systems by quickly clearing the interconnecting tie when the load 
approaches its static-stability limit. 


38. Increased confidence in plant performance. 


Ability of the generating station equipment to withstand these heavy short 
circuits without apparent damage has proved beneficial in the training 
and experience of the operating personnel at Philo; a greater degree of 
confidence in plant performance has resulted. 


4, Adoption of the multi-duty cycle predicted. 


Definite progress for the adoption of the multi-duty cycle for circuit- 
breaker performance has been realized through a demonstration of the 
ability of the breaker to handle successively a large number of heavy short 
circuits without intermediate inspections or changes of oil. 


5. Design defects were revealed. 


Two explosion-chamber failures occurred during the course of the tests. 
These were caused apparently by the general weakness of the chambers and 
not by other faults of design. It is believed that subsequent changes in 
design will prevent a recurrence of such failures. 
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Fig. 4. System voltage dips at three 132-kv. sub- 
stations while testing with (left) high-speed oil- 
blast contacts and (right) butt-type contacts 
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Test Results and 


Circuit Breaker Behavior 


By 

R. M. SPURCK General Elec, Co. 
Associate A. I. E. E. Philadelphia 

H. E. STRANG General Elec. Co. 


Associate A. I. E. EB. Philadelphia 


Pi. of different types 
of breaker contacts, and rates of recovery-voltage rise, 
are the principal items receiving particular attention in 
this analysis of the Philo circuit breaker tests. As 
stated previously the rate of recovery-voltage rise was 
manipulated by varying the number of lines connected 
to the Philo station bus. 

In the 28 tests made with the butt-type contacts, the 
kva. interrupted ranged from 268,000 to 1,640,000. 
The range of short-circuit duration was from 7.5 to 39 
cycles, while breaker operating time varied from 7 to 


From ‘Circuit Breaker Field Tests on Standard and Oil-Blast Explo- 
sion-Chamber Oil Circuit Breakers,’’ (No. 31-26) presented at the 
A. 1. E. E. winter convention, New York, Jan. 26-30, 1931. 


Fig. 5. Condition of contacts after tests. (Above) 


butt contacts after 28 tests; (below) oil-blast 
contacts after 40 tests 
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38 cycles. Arc duration ranged from 4.5 to 36 cycles; 
arc length from 11.5 to 32 in. Maximum tank pressure 
recorded in this series of tests was 86 lb. per sq. in., 
while the average was 10 lb. Although slight mechani- 
cal difficulties were encountered they were not of a 
fundamental nature and will be corrected quite readily 
by minor changes in design. Although these butt-type 
contacts were somewhat burned after the tests, as may 
be seen in Fig. 5, their condition was such that they could 
have been kept in operation for many more tests. 


SUPERIORITY OF NEW EXPLOSION-CHAMBER CONTACTS 


Results of the 40 tests made with the hollow-type 
contacts operating in the new type oil-blast explosion 
chamber the kva. interrupted ranged from 177,000 to 
1,735,000. The short-circuit duration varied from 5.5 
to 9 cycles, and breaker operating time from 4.5 to 8 
cycles. Are duration varied from 1.6 to 5.7 cycles, 
while ares from 2.5 to 14.5 in. were recorded. On the 
last six tests of this group, all in excess of 1,500,000 kva. 
and made at intervals of about two minutes, the aver- 
age tank pressure was 8 lb. per sq. in., the maximum 
being 11 Ib. The condition of these contacts after test 
may be seen also in Fig. 5. Actual measurement indi- 
cated that a total of less than 14 in. of contact metal had 
been burned away from the arcing surfaces. In order 
to determine their suitability for further operations, 
these contacts were returned to the factory and sub- 
jected to a heat run using twice the breaker-current 
rating; the resulting temperature rise was less than 30 
deg. cent. 

In the third series of tests with the segmental-type 
contacts, 7 tests ranging in value from 940,000 to 
1,400,000 kva., were made in 10 min. Short-circuit 
duration varied from 12 to 18 cycles, corresponding 
breaker operation ranging from 11 to about 15 cycles. 
Are duration varied from 4.5 to 7.2 cycles; are length 
from 11.3 to 14.8 in. 

A comparison between the performance of the butt- 
contact breaker and that of the oil-blast contact breaker 


TABLE I—PERFORMANCE COMPARISON FOR BUTT AND OIL- 
BLAST BREAKER CONTAOTS 


Butt Contacts 


Lines Calculated Av. arc Av. arc 
connected volts per No. of duration length 
to bus microsecond tests cycles in. 

Sifter estas DO een « gelokcens WS, oie Oe ee est Arye 15.5 
Meee ake ears GOO eae Ass IE Nie Rigs 48, Lie P aR ne ec 17.0 
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Oil-Blast Contacts 
Lines Calcwated Av. arc AY. arc 
connected volts per No. of duration Jength 
to bus microsec. tests cycles in, 
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is shown in Table I. Effects of the rate of recovery 
voltage rise upon arcing time and arc lengths may be 
noted quite readily. Average arc duration for the butt- 
type contacts was 8.6 cycles as compared with 3.5 
cycles for the oil-blast contacts. A comparison between 
arc lengths shows an average of 18 in. for the butt con- 
tact and 6.8 in. for the oil-blast contact. Average 
contact-opening speed for the oil-blast breaker was 9.5 
ft. per sec. as compared to 138 ft. per sec. for the butt 
contact. 


CONCLUSIONS 


After a careful analysis of the test results, the 
following conclusions seem justified: 

1. Rate of recovery voltage rise affects to some extent the interrupting 
performance of the breaker. 


2. Standard breakers now available commercially will operate satis- 
factorily on the highest rates of recovery-voltage rise now encountered 
(about 600 volts per microsec.). 


3. The oil-blast breaker has demonstrated a distinct superiority over 
the other types of breakers tested. 


4. Standard oil-blast breakers now available commercially possess an 
over-all operating time of 8 cycles or less. 


The Orient Turns 
to Automatic Telephones 


By 
y. K. CHOW 


Member A. I. E. E. 


Hangchow, China 


Many great poets of China repeatedly 
have described the beauty of Hangchow. It is the capital 
of the Province of Chekiang, one of the smallest but 
richest in the country. At one time its leading glory 
was the fame of its beautiful landscape, but the town 
now is winning a standing also through the increasing 
application of modern engineering. Among several 
developments the most recent and perhaps most 
important is the new automatic telephone exchange 
system which now serves the whole area. 

Only a little more than twenty years ago telephone 
development was started by commercial enterprise in 
this ancient capital; subsequently the system was 
transferred to a government organization. A little 
later again to become a commercial enterprise; present 


Contributed by Y. K. Chow, chief engineer, Provincial Telephone 
Administration, Chekiang Provincial Government, Hangchow, China. 
Not published in pamphlet form. 
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developments are being made by the Provincial Govern- 
ment. In the early days telephone service was not in 
the general demand that it is today; hence growth and 
development came slowly. Also, financial difficulties 
and the lack of suitable technical study caused the 
design and growth of the system to be governed largely 
by expediency. Subsequently the age of the switch- 
board and other equipment, and the poor condition of 
the line plant, prohibited any major attempt for 
modernization without complete system reconstruction. 

In 1927 the Provincial Government decided to 
construct a network of long distance telephone lines 
to link together all the cities in the province, and to 
connect also to Nanking and Shanghai. Since that 
time toll service has grown rapidly, with a consequent 
expansion in the problem of improving local service 
in the Hangchow area. Meanwhile, the city’s tele- 
phones had increased gradually until there were five 
magneto-type exchanges scattered over the whole 
area, the largest of which had a capacity of 1,200 lines. 
Early in 1929 the government completed its plans for 


Radiotelephone 
Service is Expanding 


With 91 per cent of the world’s telephones 
already provided with facilities for direct 
international conversations, plans and de- 
velopments are progressing to provide ex- 
tensions. Present services are outlined here 
and some data given covering the Hawaiian 
link now under construction. 


By 
J. J: PILLIOD American Tel. & Tel. 
Member A.J. E E. Co., New York 


eae January 7, 1927, when com- 
mercial radiotelephone service first was established 
between New York and London, continuous and 
important developments have been made in the applica- 
tion of radiotelephony to intercontinental communi- 
cations. Also, there has been a generally sustained 


From ‘‘Intercontinental Radiotelephone Service From the United 
States’’ (No. 31-129) presented at the A. I. E. E. Pacific Coast convention, 
Lake Tahoe, California, August 25-28, 1931. 
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taking over the existing exchanges from the operating 
company and invited bids for system rehabilitation 
from leading telephone manufacturers throughout the 
world. 

In addition to the economic questions that had to be 
settled in connection with such a major undertaking, 
there were the problems of language difficulty, training 
and maintenance of staff and operators, and the ever- 
present matter of public opinion. Ultimately the 
rotary-type of machine-switching system was adopted 
as best suiting the service requirements, as well as 
satisfying economic limitations. 

The present equipment consists of one 2,700-line 
exchange with a building and power plant which pro- 
vides for an ultimate of 5,000 lines, and one 300-line 
exchange designed and equipped for an ultimate of 
500 lines. The existing manual exchange in the south 
of Hangchow will be converted shortly to automatic 
operation. Also it is hoped that conversion of the rural 
exchanges to automatic operation may be carried out 
in the near future. 


increase in the public demand for this class of service 
to the end that today the Bell System in cooperation 
with the British Post Office has four radiotelephone 
circuits to London, the original long-wave channel 
supplemented by three short-wave channels. By 
means of these, telephone subscribers in the United 
States, Canada, Cuba, and Mexico may be connected 
to practically any telephone in Europe, in the city of 
Ceuta, Northern Africa, in part of Australia, and in 
Java, Dutch East Indies. 


Service to all European points and to Ceuta is 
furnished through London where connection is made to 
the submarine cables and land line facilities making 
up the European telephone network. As yet Russia, 
Greece, Turkey, and a few of the Balkan States cannot 
be reached from the United States over this network. 
Service to Australia is given by switching the New 
York-London radio circuits at the latter point to a 
short-wave radiotelephone channel between London 
and Sydney. Service to Java is furnished through 
London to Amsterdam or Berlin, where connection is 
made to a short-wave radio channel operated between 
those points and Java by the Dutch Telephone 
Administration. 

Transatlantic telephone messages between the United 
States and Europe during the first six months of 1931 
were about 20 per cent greater than for the correspond- 
ing period for 1930. While the basic rate, which is 
the rate from New York to London for a 3-min. period, 
was reduced from $45 to $30 on May 11, 1930, the 
increase in traffic is considered very satisfactory in 
view of the general business conditions which have 
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existed on both sides of the Atlantic, and is an indica- 
tion that this service continues to be of increasing use- 
fulness to the public. 

In December 1929, a ship-to-shore short-wave radio- 
telephone service was established on a commercial basis 
through New York with the steamship ‘‘Leviathan.”’ 
Since that date service has been opened with five 
more of the larger liners plying between North America 
and various European ports, the ““Olympic,”’ ‘“Homeric,”’ 
“Majestic’’ the ‘‘Belgenland,’ and the “Empress of 
Britain.” While at present this service is furnished 
normally only to ships in the Atlantic area, contacts 
were made last winter with the “‘Belgenland,” during 
a large part of its cruise around-the-world, and with 
the “Homeric” then cruising in the Mediterranean. 

The Bell System, in cooperation with the Inter- 
national Telephone and Telegraph System, established 
on April 4, 1980, a short-wave radiotelephone channel 
between New York and Buenos Aires. Through 
Buenos Aires, service may be given by land line con- 
nections not only to other parts of the Argentine 
Republic, but also to the great majority of telephones 
in Uruguay and Chile. 

Construction has been completed recently to the end 
that the South American service could be enlarged to 
include Rio de Janeiro, Brazil. Plans for the radio- 
telephone system to work with Rio de Janeiro were on a 
basis somewhat different from those for the services 
heretofore eStablished from the United States, and it 
may be of interest to outline briefly the arrangements 
made. The previously established services contem- 
plated the full-time use of one or more complete radio- 
telephone circuits whereas service to Rio de Janeiro 
was planned on the basis of sharing facilities already 
provided for service to Buenos Aires. 

In the United States the transmitter operating with 
Buenos Aires was provided with an additional antenna 
directed toward Rio de Janeiro; and at the receiving 
station there was installed a complete new receiving 
unit adjusted to receive from Rio de Janeiro. At the 
transmitting station, switches were provided for the 
rapid transfer of the transmitter from one antenna 
to the other, while at the receiving station the two 
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receiving units serve to enable the New York control 
office to keep in constant touch with both distant trans- 
mitters. This arrangement permits the maximum 
use of equipment and facilities and seems to offer a 
promising means of providing for the extension of radio- 
telephone service to a number of points to which it may 
be desirable to furnish service, but where the cost of 
apparatus for full-time channels cannot at the time be 
justified. This arrangement offers also an opportunity 
to reduce the number of frequency assignments required, 
because a number of points may be served from one 
transmitter using the same transmitting frequencies 
where the conditions permit. It is expected that this 
general method will find considerable application in 
economically extending existing services. One set of 
transmitting equipment, which is the expensive item, 
can be used for service to a number of points to the 
extent permitted by traffic loads, by merely providing 
the necessary antennas and receivers. 

The radiotelephone services established to date and 
previously referred to, now make possible the con- 
nection of telephone users in this country to more than 
91 per cent of the world’s telephones. From the map 
shown in Fig. 1 it may be seen that these existing facili- 
ties provide the ground work for furnishing telephone 
service from North America to the East and South. 
Preliminary studies have been made of the possibilities, 
probable demand, and usage of telephone service from 
the United States to all parts of the world. A world- 
wide service of this kind is something that is extremely 
interesting to contemplate, but it is obvious that while 
considerable progress has been made in establishing 
such a service, an objective of this magnitude must 
be approached with due consideration to such factors 
as equipment and antenna development, costs, probable 
usage, differences in time and languages, and avail- 
ability of satisfactory wavelengths. 

In line with the desired objective of extending service 
where practicable, plans have been completed recently 
and construction work is now in progress to establish 
in conjunction with the Imperial and International 
Communications, Ltd., a short-wave radiotelephone 
channel between New York and Hamilton, Bermuda, 
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Fig. 2. Schematic diagram of the “horizontal 
double-V" transmitting antenna for Hawaiian 
service 
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there to connect with the land line facilities serving the 
Bermuda Islands. This radio circuit in general will 
closely resemble the other short-wave radio circuits 
previously established. The transmitter will be con- 
siderably smaller and of lower power, however, (500 
watts unmodulated carrier outputs compared to 15 kw.) 
since the distance to be covered is only about 700 mi. 
compared to about 3,400 mi. between New York and 


Fig.v3. 


Antenna towers and curtains of the type 
used for South American and transatlantic service 


London, 4,800 mi. between New York and Rio de 
Janeiro, and 5,300 mi. between New York and Buenos 
Aires. It is expected that the Bermuda system will be 
ready for operation late this year. 

During the past 1% years right-of-way has been 
acquired and two test antennas have been constructed 
at Bradley, Maine, near Bangor. These test antennas 
were constructed for experimental purposes looking 
forward to supplementing the existing New York- 
London long-wave circuit now working at 60 ke. 
with an additional long-wave circuit operating at 68 ke. 
These antennas have proved effective at Bradley, 
and plans now are in progress for the construction of a 
new long-wave transmitting station at that point. 
The receiving station for the additional long-wave 
circuit is planned for Houlton, Maine, the receiving 
point for the existing long-wave circuit. Owing to the 
magnitude of this undertaking it is expected that about 
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three years will be required to construct the new long- 
wave system. 

In the Pacific area the points which in the future 
might logically be furnished with direct radiotelephone 
connection with the United States include the Hawaiian 
and Philippine Islands, Japan, China, Australia, New 
Zealand, and Alaska. A transpacific short-wave radio- 
telephone system is now under construction, joint 
arrangements having been made with the Mutual 
Telephone Company of Hawaii to set up the initial 
circuit from California to Hawaii. 

The transmitting station for the transpacific service 
is being established at Dixon, Calif., in the Sacramento 
Valley about 20 mi. southwest of Sacramento and the 
receiving station, at Point Reyes, Calif., on the Pacific 
Coast about 35 mi. north of San Francisco. The Dixon 
site contains about 640 acres and the Point Reyes site 
about 520 acres. These sites were selected after a 
rather extensive survey of the west coast of the United 
States during which consideration was given to avoid- 
ing, for receiving station purposes, areas too near radio 
transmitting stations and other sources of interference 
and, for transmitting station purposes, areas too near 
radio receiving stations. Consideration was given also 
to obtaining for both stations tracts of land of reason- 
ably flat contours, free of mountain ranges which sub- 
tend angles of more than 2 or 3 deg. with the horizontal 
in the directions of transmission or reception. It was 
necessary that both sites be economically accessible 
for telephone, power, and transportation facilities. 

The transmitter building at Dixon, a 40 x 60-ft 
two-story brick-and-concrete structure, is designed 
to accommodate two equipments although only one 
will be installed initially. In general, the transmitter 
is similar to those at Lawrenceville, N. J., consisting 
of several individually and carefully shielded units 
mounted side by side. These units include a two-stage 
audio-frequency amplifier, a modulator, a piezoelectric 
quartz crystal oscillator with two harmonic generators, 
and a two-stage radio-frequency power amplifier. 
The output of the two-stage audio-frequency amplifier 
is used to modulate the plate voltage of the modulator 
unit which contains two 250-watt tubes in a push-pull 
circuit. The modulator receives its carrier frequency 
direct from the second harmonic generator which in 
turn is fed by the first harmonic generator and the 
crystal oscillator. 

The crystal oscillator is contained in an electrically 
heated oven the temperature of which is carefully 
regulated to 50 deg. cent. + 0.05 deg. This ar- 
rangement holds the transmitted carrier frequency 
constant within very narrow limits. The output of 
the modulator unit then is applied to the grids of the 
two-stage radio-frequency amplifier. The first stage 
contains two 10-kw. water-cooled tubes and the sec- 
ond stage contains six. These tubes are arranged in 
push-pull circuits and the entire system is carefully 
balanced to ground. The unmodulated carrier output 
power of the last-stage amplifier isabout 15 kw. which, 
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under conditions for 100 per cent modulation, is 
equivalent to 60 kw. at the peak of the modulation cycle. 

From the transmitter the radio-frequency energy is 
fed over an open-wire transmission line to the transmit- 
ting antenna about 800 ft. south of the building. This 
initial transmitting antenna for the Hawaiian service 
is of the horizontal double-V type (Fig. 3) recently de- 
veloped by the Bell Telephone Laboratories. This 
type of antenna is a diamond-shaped structure con- 
sisting of one or more horizontal elements supported 
on wooden poles, the longer axis pointing toward the 
desired receiving station. The antenna is driven from 
the rear apex of the diamond and when suitably ter- 
minated at the opposite end, has a good unidirectional 
characteristic. This antenna has another very desir- 
able characteristic in that, within certain limits, it is 
effective over a range of frequencies. For transmitting 
to Hawaii the initial antenna is designed to handle 
two frequencies in the vicinity of 7 and 14 megacycles. 
While varying somewhat with the frequency being 
transmitted, the gain of this antenna as compared to 
a single-element half-wave vertical antenna ranges 
from 8 to 16 db. 

Comparison of the details revealed in Figs. 2 and 3 
will indicate the relative simplicity, and consequently 
the relative economy, of the horizontal double-V 
antenna. This is even more strongly indicated when it 
is considered that in the vertical type shown each 
antenna, occupies two spans between the 185-ft. steel 
towers, and that each antenna is effective for only the 
one frequency for which it was designed. The develop- 
ment of this relatively inexpensive antenna is of 
particular significance at this time because, if radiotele- 
phone service is to be opened to points which do not 
justify the provision of individual channels, the number 
of antennas for use with existing equipment may be 
expected to increase materially in the next few years. 

At the Point Reyes receiving station the building is 
a one-story 26 x 40-ft. semi-fireproof structure of rein- 
forced concrete designed to house several radio receivers 
and their associated power and voice-frequency ap- 
paratus. However, the initial installation comprises 
a single receiver made up of individually shielded units. 
It employs two stages of screened-grid radio-frequency 
amplification, a first detector, an intermediate-fre- 
quency amplifier with input and output filters, a second 
detector and an audio-frequency amplifier. From the 
output of the intermediate-frequency amplifier a part 
of the received energy is diverted, put through a special 
two-stage intermediate-frequency amplifier, rectified, 
and supplied to the automatic gain control which in 
turn tends to keep the receiver output volume constant 
by controlling the bias potential on the radio-frequency 
amplifier and the first-detector grid circuits. In this 
receiver the first two panels which contain the equip- 
ment up to and including the first stage of intermediate 
frequency amplification are duplicates. By means of a 
switch the equipment in either of the first two panels 
may be connected to the rest of the receiver. This 
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arrangement makes it possible to switch from one fre- 
quency to another with only slight tuning adjustments 
and therefore with the minimum loss of time. 

The receiving antenna is similar in construction to 
the transmitting antenna already described. It is 
about 500 ft. northeast of the receiving building and is 
designed to receive two frequencies, 16,195 ke. and 
7,535 ke. Connection to the receiver is by means of a 


Fig. 4. Section of concentric copper transmission 
conductor for connecting the receiving antenna to 
the radio receiver 


— LEGEND — 


H- HYBRID COIL 
N- BALANCING NETWORK 
R- VOICE OPERATED RELAY 


0 ~ DELAY NETWORK 
== - RELAY CONTACT, NORMALLY CLOSED 
— = —RELAY CONTACT, NORMALLY OPEN 
Fig. 5. Fundamental arrangements of voice- 
operated devices for the transpacific radiotelephone 
circuit 


concentric-conductor transmission line run underground 
at a depth of about 18 in. This type of line is used 
because of its low transmission loss at high frequencies 
and because of the shielding effect of the grounded 
outer conductor. The outer copper tubing is of 15¢-in. 


outside diameter while the inner copper tubing is of 


3¢-in. outside diameter. Spacers are of Isolantite. 

At San Francisco the terminal control equipment will 
be located on the first floor of the Pacific Telephone 
and Telegraph Company’s Grant Avenue toll building. 
To this location are brought the transmitting and 
receiving radio circuits, as well as the interstation com- 
munication and order wires. Equipment at the terminal 
station is the same as that installed at New York for the 
transatlantic services and which has been described 
in a paper previously presented. 
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From the terminal control room the radio circuit 
is carried to a special position at the San Francisco toll 
switchboard where connection may be made to land 
line circuits extending to all parts of the country. 

It is expected that service to Hawaii will be available 
commercially early in 1932. To the people of Hawaii 
the establishment of this service will offer for the first 
time a regular telephone connection with the North 
American Continent. In addition, it will afford op- 
portunities to make tests and obtain actual field data 
leading to still further extension of radiotelephone 
communication to such other transpacific points as 
may be decided upon in the future. 


Voice Training 


on a Scientific Basis 


I Lorene G, recording, reproducing, 
and amplifying of sound by mechanical, electrical, and 
photographic devices have brought an industrial need 
for an exact science of sound. In 10 years of research 
with modern instruments and laboratory methods, and 
with the latest knowledge of physiology, enough has 
been learned to establish principles for training a voice 
understandingly although much additional research 
is needed. 

Hundreds of tests were made upon voices, trained 
and untrained; for example, an investigation of the 
expulsion of breath during phonation. The singer put 
on a French gas mask; in its eye-piece was a telephone 
transmitter; rubber tubing went from the mask to a 
spirometer and to the air. Flutter valves allowed 
breathing in from the outer air and out into the spirom- 
eter, but stopped escape into the outer air or out of the 
spirometer. The specially designed transmitter was 
connected to a special amplifier and thence to an oscil- 
lograph. The singer sang several tones on different 
vowels at various pitches and intensities, each tone 
held 8 to 12 sec. Readings of the volume of air expelled 
per second were taken. 

Observation of great singers has shown that they 
never produce a “dead,” steady tone except at pianis- 
simo. The tone fluctuates in intensity with perfect 
regularity. This fluctuation, very wide at high inten- 
sity, is accompanied with a slight fluctuation of pitch. 
This vibrato is the result of an impulse periodically 


From Research Narratives, June 15, 1931, published by The Engineering 
Foundation, 29 West 39th Street, New York, N. Y. Based upon informa- 
tion contributed by Douglas Stanley, M. 8., Assoc. City Guilds of London 
Inst., Fel. Acoustical Society of America, N. Y. 
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applied to all the muscles which coordinate in the act of 
phonation. Its frequency is about six per second, but 
can be increased. Thus all the time the singer is pho- 
nating he actually is alternately singing and silent, 
rapidly and regularly. As the intensity rises the ‘‘on”’ 
impulse is more vigorous and the swing of the vibrato 
increases. Since at mezzo forte, when the technic is 
good, the intensity of the tone should increase as the | 
pitch rises nearly up to the top of the singer’s range, 
the vibrato should increase in amplitude as the scale is 
ascended. The vibrato decreases as the intensity drops 
until a point is reached at which a stream of air actuates 
the vocal cords, when it disappears altogether. This 
concept of an “‘on’’ and “‘off’’ impulse is very different 
from the old notion of steady control of a stream of 
breath. 

A great voice is not due to anatomical peculiarities 
but to mental and emotional capacity and tractability. 
The human voice is a sound-producing instrument 
governed by the laws of sound and of physiology; it 
consists of a motive force (the pressure of the breath), 
a vibrator (the vocal cords), and a resonator (a set of 
adjustable cavities in the head and throat). Voice 
starts in a mental concept which brings the necessary 
muscles into action. A singer must have a mental 
concept of the pitch which he is about to sound. If this — 
concept, or the receiving mechanism of the ear, be 
faulty, a pupil cannot be made to sing, although his 
speaking voice may be trained. Two groups of muscles, 
one of seven and the other (far stronger) of two, bring 
the vocal cords into tension and hold them there. 
When a mental concept initiates the nerve impulses 
supplied to the larynx, these muscles come into action 
and the vocal cords are set to the proper length, tension, 
and position. If the singer starts from pianissimo, 
where the breath pressure is at a minimum, and in- 
creases the intensity and therefore the breath pressure 
or the amplitude of the vibrato to fortissimo, the 
muscles must take on additional tension. The lighter 
muscle group should take tension to a point at which 
it would overload; then tension of the stronger group 
must be increased. 

So long as the vocal cords are held in tension against 
pressure of the breath by means of additional tension 
on the lighter muscles, the singer or speaker is using the 
“upper register’ (falsetto); as soon as the stronger 
muscles start to take on added tension, he is using the 
“lower register.’”’ Registration provides the proper 
method of controlling the intensity, not the pitch. The 
registers should be isolated and trained separately; 
only when fully developed should they be coordinated. 
Improper coordination of the laryngeal muscles ac- 
counts for the partial or total loss of voice of most 
of the great singers at an age at which they should be 
in their prime. 

From “breath expulsion-intensity’”’ curves, a person 
trained in this new science will be able to make an 
accurate technical criticism of a voice without having 
heard it. The “breath control’ doctrines, long ac- 
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cepted, are fallacies. Tremolo is caused by a fluttering 
of the walls of the resonating cavities. The vibrato is 
the means for moving the voice correctly from tone to 
tone; it allows the singer to keep perfect time and 
rhythm; it can be improved and controlled by training. 

The range of every properly produced voice should 
be at least three octaves; some persons may attain 
nearly four. Faulty registration and resonance ad- 
justment can curtail the range 50 per cent or more; 
also reduce the power to an incredible degree. The 
mouth should not be used as a resonator. When a 
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person is phonating the muscles used in the act of 
phonation should not be relaxed but in proper tension 
balance. 

There is no fundamental difference between the 
singing and speaking voices except in so far as vowels 
are more sustained in singing. There is no vibrato in 
speech. In singing the intensity is far greater (thus 
the general pitch is far higher), the range far wider, 
and articulation much stronger than in speech. In 
speech, low tones are most effective; hence all normal 
speech should be in the pure lower register. 


Of Piers Presented al the Pacific Const (Cae ran 


lee eae abstracts of all papers 
presented at the Pacific Coast A. I. E. E. convention 
(August 25-28, 1931) are presented herewith, only 
excepting those papers already published in this or 
preceding issues of ELECTRICAL ENGINEERING. Mem- 
bers vitally interested and wishing to obtain immedi- 
ately pamphlet copies of any of these papers are 
requested to use the order form appearing on p. 770 of 
this issue. In response to popular demand and within 
its space limitations ELECTRICAL ENGINEERING sub- 
sequently may publish certain of these papers, or 
technical articles based upon them. 


Electric Power 


In the Wood-Products Industry 
By C. E. Carey! and K. L. Howe! 


For references to business affiliations see listing on page 756. 


Tuts paper deals with electric power in those indus- 
tries in the Pacifie Northwest which use forest wood as raw 
material for manufacture. It covers briefly the electric power 
requirements of these industries, and presents some statistics as 
to electric power consumption. During the past two decades 
the electric energy consumed in the lumber, pulp, and paper in- 
dustries of this district has grown to a value comparable to the 
total amount generated by all of the ae stations operating 
within the same geographic area. 

General information concerning the types of motors used for 
various operations is given, along with some statistical informa- 
tion as to average power requirements for certain machines and 
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illustrations of typical installations. The paper deals with the 
general application of electric power within the wood-products 
industry, and does not cover the technical requirements of each 
of the motor applications. 

The methods of manufacturing within the various plants, 
and the requirements of the various processes determine the 
extent to which electric energy is used in these various mills. 
The success of electric power utilization is indicated, however, 
by an annual energy consumption of more than 2,000,000,000 
kw-hr. (A.I. E. E. Paper No. 3! M 1) 


Electrical Equipment 
for Oil-Field Operations 


By H. C. Hill? and J. B. Se Legue? 


lx THE application of electricity to the work of drilling 
for oil and pumping the wells, many problems peculiar to the oil 
industry have been encountered. This paper presents some of 
the more interesting features of these applications, and is con- 
fined to a discussion of the duty involved and of the design of 
the apparatus for the purpose. Although the petroleum industry 
still relies largely upon engine power, strides have been made 
during the past ten years in the development and application 
of electrical apparatus, and in the extension of central station 
power into oil fields. Oil companies are giving an increasing 
amount of attention to its use. 

A comparison is made between the methods and equipment 
involved in eable-tool drilling and rotary drilling. Briefer 
consideration is given to well-pumping control equipment, 
electrical protection measures, and the air-gas lift. The many 
other uses for electric power in oil production and handling are 
considered as beyond the scope of this paper. 

Electric power for oil-field operations was first used in the 
eastern fields more than 30 years ago, but the extensive use of 
this form of power did not begin until 10 or 12 years later, when 
it was introduced in the California fields. Most of the new 
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developments which since have been made in the design and 
use of electrical apparatus for oil-well drilling and pumping have 
been tried out and perfected first in the California fields before 
being adopted elsewhere. This has been due not only to the 
field conditions encountered there, but also to the availability 
of dependable central station power service in all of the fields. 

Of the tremendous connected horsepower in the oil industry 
in the United States, it is understood that only 7 per cent is 
electrical. In California alone there is 1,500,000 hp. installed, 
of which only 15 per cent is electrical. This indicates the 
potential possibilities for electrification. (A. I. E. E. Paper 
No. 31-128) 


Correlation of 


Induction-Motor Design Factors 


By Vaino Hoover? 


Ax ANALYSIS of stator resistance, wire size, horse- 
power rating, and air-gap density as a function of the flux per 
pole per unit-length of lamination stacking, stator slot shape 
and slot insulation, rotor diameter, and flux densities in the 
stator teeth and core, is given in this paper. 

The usual method of design is to begin with the rotor radius, 
flux per pole, and ampere-conductors per inch of rotor circum- 
ference. The flux density in the air-gap is determined when 
the stator-tooth density and the ratio of slot pitch and tooth 
width are set. The depth of slot is determined by the ampere- 
conductors per inch, and the cir. mils per ampere. The depth 
of stator core and the stator radius then are determined by 
setting the value of the flux density in the stator core. The 
relations of the rotor and stator radius, the width of slot and 
tooth, the depth of slot and core, the flux per pole, and the flux 
density, to each other and to the motor performance are quite 
vague. Therefore, to determine their best proportions is difficult 
unless many experimental data are available. 

In this paper an attempt is made to determine the relation of 
these factors to each other, and to determine their proportions 
for the best design. Briefly outlined, the analysis is presented 
as follows: The area of the stator slot is developed as a function 
of the shape of the slot, and the area occupied by the slot insula~ 
tion. The effect of the slot insulation on the net area of the 
stator slot is taken into account by using a corrected value for 
the stator radius. The area of the wire used for stator coils is 
developed as a function of the flux per pole. The stator re- 
sistance is expressed as a function of flux per pole, and slot 
shape. The rotor radius is determined by setting the ratio of 
the flux densities in the core and teeth. A sample calculation 
is made using this method of design for motors of from two to 
twelve poles. The maximum torque as a function of the flux 
densities and of the flux per pole is discussed. The effect of 
stator resistance on maximum torque is calculated and shows 
that the flux per pole used should be very nearly that for mini- 
mum stator resistance. Fifty-three equations are developed. 
(A. I. E. E. Paper No. 31 M 7) 


A-C. Networks 
in Portland, Oregon 


By S. B. Clark‘ 


Ee EssenriaLLy the full text of this paper was pre- 
sented on pp. 644-647, ELecrrica, Enernuprine, August, 1931. 
(A. I. E. E. Paper No. 31 M 2) 
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. Interconnected systems. 


The Mokelumne River Development 
of the Pacific Gas and Electric Company 


By E. A. Crellin® 


Essen TIALLY the full text of this paper is pub- 
lished on pp. 705-12, of this issue of EuecrricaL ENGINEERING. 
(A. I. E. E. Paper No. 31-130) 


Power Transmission and Distribution 
from the Mokelumne River Development 


By E. M. Wright® and B. D. Dexter® 


E ssenTIALLY the full text of this paper is pub- 
lished on pp. 713-18, of this issue of ELectricaL ENGINEERING. 
(A. I. E. E. Paper No. 31-131) 


Tie-Line Control 
of Interconnected Networks 


By T. E. Purcell® and C. A. Powel’ 


Oprratine experience with tie-line load regu- 
lators on the Pittsburgh, Pa. tie line interconnecting the Colfax 
Power Station of the Duquesne Light Company with the 
Springdale station of the West Penn Power Company is described 
in this paper. Equipment used, including tie-line load regula- 
tors, program load control, and a hydraulic speed changer also 
is described. 

The prime requirements of a successful tie-line load regulator 
are that it must not respond to small transient load changes, 
but that it must respond to small sustained changes. Further, 
it must respond to large load changes whether temporary or 
sustained. 

The program loading equipment mentioned is installed at the 
Colfax station to maintain the most economical division of load 
between the various generating units of that particular station. 
The principle of dividing all load increments proportionally 
between units in a steam station does not necessarily make for 
maximum efficiency. In the program equipment at Colfax 
load scheduling is based on turbine valve position rather than 
on generator output, thus maintaining each turbine at its most 
efficient valve opening regardless of the effect of the many 
variables which enter into the position of the valve with reference 
to the load. 

The new hydraulic speed-changing device described is in- 
tended to reduce to a minmum, wear on the governor parts, 
and to offset the tendency for increased wear arising from the 
extremely frequent governor operation imposed by frequency 
control. 

As a result of tests made jointly by the Duquesne Light 
Company and the West Penn Power Company, the following 
conclusions are reached: 


1. Tie-line load regulators and program loading equipment have been 
developed to a commercial stage. 


2. 'Tie-line load regulators on one system can be operated satisfactorily 
in conjunction with frequency regulators on a connected system. 


3. Tie-line control may be used to reduce load fluctuations between 
(A.I. E. E. Paper No. 31-127) 
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Tuned 


Power Lines 


By H. H. Skilling’ 


Tur FULL text of this paper was published on 
pp. 634-37 Exucrricat ENGINEERING, August 1931. (A. I. E. E. 
Paper No. 31-124) 


Intercontinental Radiotelephone 
Service from the United States 


By J. J. Pilliod® 


A COMPREHENSIVE abstract of this paper is 
published on pp. 748-52 of this issue of ELectricaL ENGINEER- 
ina. (A.J. E. E. Paper No. 31-129) 


Electrical Solutions of 


Problems of Regular Scheduled Flight 


By C. F. Green?® 


An ARTICLE based on this paper was published 
on pp. 654657 Eurctrican ENGInepRING, August 1931. 
(A. I. E. E. Paper No. 31 M 3) 


The San Francisco-Los Angeles Section 
of the Pacific Coast Telephone Cable Network 


By E. M. Calderwood! and D. F. Smith?? 


A COMPREHENSIVE abstract of this article is 
published on pp. 736-41 of this issue of Euectrican ENeat- 
NEERING. (A.I. E. E. Paper No. 31-125) 


Electrical Measurements 
of Sound-Absorption 


By A. L. Albert!® and W. R. Bullist? 


PRINCIPALLY because of the recent development 
of high-quality radio broadcasting, group address systems, and 
sound motion pictures, the acoustic characteristics of buildings 
are now an important factor of architectural design. Using 
the work of Sabine and others as a basis, it is possible to design 
studios and auditoriums to give complete acoustic satisfaction. 

However, since the sound-absorbing properties of various 
acoustic and building materials differ widely, it is necessary to 
determine quite accurately the sound-absorbing coefficients 
before reliable reverberation calculations can be made. These 
coefficients have been measured previously by various means, 
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two of which are widely used. The first of these consists of 
covering the inner surface of a specially constructed room with 
the absorbing material to be tested. The sound-absorbing 
coefficients then can be calculated from the measured rever- 
beration time. The other method is very similar except that 
instead of covering the surface of a room with the absorbing 
material, the material is placed on large panels in the room. 
Both of these methods as well as others which have been devised 
are accurate but necessitate the use of large test samples and 
are somewhat slow and expensive in use. 

This paper describes an electrical method of measuring the 
sound-absorption properties of acoustic materials. Both the 
equipment and method can be said to be simple and rapid in 
operation, and inexpensive. With this method, the sound 
absorbing properties are determined by the effect produced on 
the electrical characteristics of a loud speaker by sound waves 
reflected from the absorbing material. The test equipment 
includes a relatively small wooden tube inside of which a loud- 
speaker with a special mounting may be moved back and forth 
with respect to the end of the box in which is mounted the sound- 
absorbing material to be measured. In addition to this equip- 
ment there is simply a vacuum-tube oscillator with a bridge 
measuring arrangement including the loudspeaker coil in one 
side of the bridge circuit. 

Advantage is taken of the generally known fact that the 
electrical impedance measured between the terminals of a tele- 
phone receiver or loudspeaker is greatly affected by the location 
of the device with respect to reflecting surfaces in front of it. 
The effects of various sound-absorbing materials, as reflected 
through the adjustable loudspeaker device, are translated 
through the bridge readings into comparable figures which 
reveal the relative characteristics of different samples of ma- 
terials. Although the tests which have been made and which 
are described in the paper indicate that this method gives 
consistent results, it is believed that the device can be made 
even more satisfactory and perhaps arranged to give the sound- 
absorbing coefficients directly as an indicating-instrument 
reading rather than from the impedance-bridge settings. 
(A. I. E. E. Paper No. 31 M 6) 


Cathode Drop 
in Arcs and Glow Discharges 


By S. S. Mackeown? 


Tue ARC is defined as an electrical discharge in a 
gas or a vapor in which the cathode drop is of the order of 10 or 
20 volts and the current density to the cathode spot is of the 
order of hundreds or thousands of amperes per square centimeter. 
For an are to exist it is necessary that there be some mechanism 
for producing electrons at or near the cathode. Unfortunately, 
there is no general agreement among physicists as to the mechan- 
ism which produces this low cathode drop with the correspond- 
ingly high current density which is characteristic of an electric 
arc. In this paper the author reviews briefly the different 
prevalent theories regarding the low cathode drop in an are, 
offering discussions and interpretations based upon extensive 
research work carried out at the California Institute of 
Technology. 

The author divides his subject treatment into four general 
parts: (1) the cathode drop in an are, (2) the normal cathode 
drop in a glow discharge, (3) the abnormal cathode drop, and 
(4) transition from a glow discharge to an are. In each case 
prevalent theories are briefly presented and _ discussed. 
(A. I. E. E. Paper No. 31 M 5) 
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The Kindling of Electric 
Sparkover Based on Lichtenberg Figures 


By C. E. Magnusson!4 


Tur MECHANISM of the electric sparkover pro- 
cess lately has become a much discussed problem. 'Townsend’s 
theory of the formation of electric sparkover has been challenged 
and at least in some respects found wanting. Several well-known 
investigators have given ample evidence that the sparkover 
process is very complex; that the speed of formation is in the 
order of 108 cm. per sec. instead of 10‘ or 10°; that polarity and 
shape of electrodes, ionization, space charges, voltage gradients 
air pressure, temperature, and other factors enter into the prob- 
lem. The results of investigations on the early stages of electric 
sparkover throw light on certain phases of the initial or kindling 
stage of an electric spark formation, but a comprehensive ex- 
planation of the mechanism or process involved in the formation 
of electric sparks or sparkover still is lacking. 

In this paper a new method of approach is described and ex- 
perimental evidence is presented which tends to show that for 
impulse sparkover the following statements are valid: 


1. Electrons are primarily the active elements in the kindling mechanism. 
2. Lichtenberg figures form the initial step in the kindling process. 


3. Sparkover develops from the tips of the positive Lichtenberg figures 
along the streamers of both the positive and the negative figures. 
(A. t. E. E. Paper No. 31-123) 


Snow Surveys 
and Hydro-Forecasting 


By H. P. Boardman!® 


A COMPREHENSIVE description of the apparatus 
and methods involved in a cooperative precipitation survey 
and the results obtained are given in this paper. The scope of the 
paper is limited principally to the watershed area of the eastern 
Sierra Nevada range of California, the runoff from which con- 
stitutes the chief source of water supply for Reno, Nevada, and 
environs. Statistical information is presented which reveals 
the accuracy of predictions based on snow surveys, as com- 
pared with actual runoff for various seasons. (A. I. E. E. Paper 
No. 31 M 4) 


Radio ; 


Coordination 


By C. C. Campbell® and H. N. Kalb'® 


Tue AUTHORS’ experience with radio-interference 
problems in northern and central California is used as a basis 
for this paper. An attempt has been made to present the 
various phases of the problem rather than to offer a solution of 
any particular phase. Radio interference from natural static 
and from radio sources is not within the scope of this paper, but 
is mentioned where it has a bearing upon interference caused by 
electrical sources. Natural static is less severe in the West than 
in the East, making other types of radio interference more 
apparent. A larger network of higher voltage transmission lines 
also has been built up in the West because of the extensive jhydro- 
electric developments and a more scattered population, aid this 
factor also enters the problem to some extent. 
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Variations of broadeast service area arising from station power 
and location and as affected by the topography of the surround- 
ing country have been found to have an important bearing upon 
the radio-interference problem. Experience shows that there is 
no simple solution for the interference problem; that it must be 
dealt with in a spirit of cooperation by the utilities, the electric 
manufacturers, and the public. In the West, interference from 
electric power supply systems is well in hand except for the 
troubles originating on high-voltage lines. Although filters on 
power lines have been suggested, their use is questionable. 

Manufacturers have a great opportunity in the sale of radio 
noiseproof appliances and apparatus, and the public can help by 
insisting upon such appliances. Increased broadcast coverage 
is very desirable to offset the maximum noise level in many of the 
large areas now having low field strengths. However, continued 
cooperative effort on the part of all concerned undoubtedly is 
the best solution to the interference problem. (A. I. E. E. Paper 
No. 31-122) 


Calorimeter Measurement 
of Stray-Load Losses 


By G. D. Floyd? and J. R. Dunbar'8 


Tuts paper covers several thermal or calorimeter 
tests which were made at the Queenston generating station of the 
Hydro-Electric Power Commission of Ontario, on a 55,000-kva. 
generator having an enclosed system of ventilation. The objects 
of the tests were to determine stray-load losses on short circuits 
and under rated load, and to obtain some information regarding 
the accuracy of this method of test. Descriptions are given 
covering the general method followed and the actual tests as 
made. For those who might wish to check the calculations in 
detail the actual figures are given in an appendix. 

The results of the tests show that the stray-load losses on large 
units can be determined with fair accuracy by this method when 
an enclosed system of ventilation is used on the unit. Tests also 
seem to show that the difference between the stray-load losses 
under load conditions and under short-circuit conditions is slight, 
and that a test under load conditions is justified only when an 
extremely accurate determination of losses is required. For most 
purposes a test under short-circuit conditions seems to be 
sufficient. (A. I. E. E. Paper No. 31-126) 
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8. Stanford University, Calif. 

9. American Tel. & Tel. Co., New York, N. Y. 

10. General Electric Co., Schenectady, N. Y. 

11. Pacific Tel. & Tel. Co., San Francisco, Calif. 

12. So. Calif. Telephone Co., Los Angeles, Calif. 
13. Oregon State College, Corvallis, Oregon. 

14. University of Washington, Seattle, Wash. 
15. University of Nevada, Reno, Nevada. 
16. San Joaquin Light and Power Corp., Fresno, Calif. 
17. Hydro-Electric Power Commission of Ontario, Toronto, Ont. 
18. Canadian Westinghouse Co., Ltd., Hamilton, Ont. 
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ters 


Of lnstitute navel Related Activities 


Bagnell dam and semi-outdoor power house of the Union Electric Light and Power Company (St. Louis) 
built by Stone & Webster Engineering Corporation 


South West District 


To Meet at Kansas City 


A VARIETY of interesting technical 
subjects, good entertainment and profit- 
able inspection trips to noteworthy local 
engineering projects comprise the pro- 
gram for a three-day fall meeting of the 
South West District No. 7 to be held at 
Kansas City, Mo., Oct. 22-24, 1931. 
Headquarters will be at the Kansas City 
Athletie Club. 

Nineteen papers will be presented in 
four technical sessions the first of which 
consists of a group of selected subjects: 
back-fires in rectifiers, surge tests on a 
distribution substation, overvoltages due 
to dropping of load, computing currents 
in networks and loops, building-construe- 
tion welding, effect of wave form on relay 
operation, and pilot-wire relaying. The 
second session will be devoted to the 
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St. Louis-Bagnell interconnection, with 
the showing of a motion picture descrip- 
tion of the actual construction of the 
Bagnell dam. The third session will 
deal with communication subjects; eco- 
nomic surveys, advance planning of long 
distance telephone facilities, tape-armored 
cable, and the time factor in transmission. 
The closing session will be on subjects in 
the field of transmission and distribution, 
such as lightning field investigation, heat 
flow from cables, corona energy loss, 
fuses, and cut-outs. 

The banquet Friday evening, October 
23, will be held in one of the finest ban- 
quet rooms in the Middle West—that at 
the Kansas City Athletic Club, noted for 
its excellent cuisine. Between courses, 
entertainment will be provided by some 


of the best talent obtainable, and follow- 
ing the banquet there will be dancing 
with music furnished by an orchestra 
well qualified to please all. 

Golf will be arranged for all those who 
may wish to play. 


WoMEN’s ENTERTAINMENT 


Women attending will be entertained 
with a luncheon bridge at one of our golf 
clubs, a theater party, and shopping tours. 
Nothing will be left undone to make 
their visit to Kansas City a pleasant one. 


Tentative Program 


Thursday—a. m. 
Registration 
Opening address 
Student technical session 


~] 
on 
~] 


Thursday—p. m. 
(a) Student Session 
(b) Session on Selected Subjects 


Exuxecrric Arc WELDING IN BUILD- 
Inc Construction, P. N. Vinther, 
Dallas Power & Light Co. 


Tue Errect or Wave Form on 
THE OPppERATION OF Inpuctrion-TYPE 
Rextays, P. H. Robinson, Houston 
Lighting & Power Co. 


Tue TeLtecrapuic Pirot-WirEe Re- 
LAY System, C. H. Frier, Oklahoma 
Gas & Electric Co. 


CaxtcuLatine Loap Drvisron In Dis- 
TRIBUTION Systems, C. T. Almquist, 
The University of Oklahoma. 


Back-FIRES IN Mercury-Arc ReEc- 
TIFIERS, J. Slepian and L. R. Ludwig, 
Westinghouse Elec. & Mfg. Co. 


OVERVOLTAGES ON 'T'RANSMISSION 
Systems pur TO Droppine or Loap, 
E. J. Burnham. General Electric Co. 


Impuuse-V OLTAGE TEstTs ON A 4,800- 
Voir DistrisutTion Sussration, H. 
W. Collins and E. E. Piepho, Detroit 
Edison Co., and J. J. Torok, Westing- 
house Elec. & Mfg. Co. 


Thursday Evening 


St. Louis-Bagnell Interconnection 


INTERCONNECTION OF THE 25- AND 
60-cycLp Systems or THE UNION 
Evecrric Licut & Pownr Co., E. L. 
Hough and L. V. Nelson, Union Elec. 
Light & Power Co. 

AvuTOMATIC CONTROL FOR VARIABLE- 
Ratio Frequency Converters, H.K. 
Shively, Union Electric Light & Power 
Co., and G. S. Whitlow, General 
Electric Co. 

Turee-Reet Motion Picrurme or 
THE ACTUAL CONSTRUCTION OF THE 
BanGNneELL Dam. 


Friday—a. m. 


Communication 


Economic SurRVEYS AND THEIR Ap- 
PLICATION TO ENGINEERING PROBLEMS, 
J. N. Holsen, Southwestern Bell Tel. 
Co. 

ADVANCE PLANNING oF Lone Dis- 
TANCE TELEPHONE Faciuities, O. C. 
McFarland, Southwestern Bell Tel. Co. 


TapE-ARMORED TELEPHONE TOLL 
Casuez, C. W. Nystrom, Southwestern 
Bell Tel. Co. 


Tur Time Facror 1n TELEPHONE 
TRANSMISSION, O. B. Blackwell, Ameri- 
can Telephone & Telegraph Co. 


Friday—p. m. 
Inspection trips and recreation 
Meeting of board of directors 


Friday Evening 


Banquet and entertainment 


Saturday—a. m. 


Transmission and Distribution 
Fintp InvestreatTion or Liaur- 
NING DiIsTURBANCES ON TRANSMISSION 
Lings, D. C. Jackson, Jr. and R. W. 
Warner, University of Kansas. 
Herat Frow rrom UNDBPRGROUND 
Evecrric Pownr Casuss, L. J. Neu- 
man, The Texas Co. 
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Corona Eneray Loss, W. D. 
Weidlein, Black and Veatch. 

APPLICATION OF PRIMARY DIsTRI- 
BUTION Fuszs, F. E. Sanford, Union 
Gas & Electric Co. 

Tur Expuusion Fuser, J. Slepian 
and ©. L. Denault, Westinghouse 
Elec. & Mfg. Co. 

Fuse Cut-ours with SpecitaLt Rer- 
ERENCE TO THEIR DESIGN AND Ap- 
PLICATION FOR A-C. DisTRIBUTION 
Circuits, E. G. Newton, General 
Electric Co. 


Saturday—p. m. 


Inspection trips and recreation 
Hore, RESERVATIONS 


Reservations for hotel rooms should 
be made by writing directly to the hotel 
preferred. In the following table, rates 


New building of the Kansas 
City Power & Light Company 
features a 13,200/199/115- 
volt, three-phase, four-wire, 
vertical distribution system 


are listed for the headquarters hotel, the 
Kansas City Athletic Club, and several 
other hotels conveniently located in the 
neighboring vicinity. Members of the 
Dallas, Houston, Oklahoma City, and 
Wichita Athletic Clubs may enjoy re- 
ciprocal relations: 


Hotel Rates 
Single Double 
Rooms Rooms 


Hotel 


Kansas City 
Athletic Club..... $3.00-$5.00 $5.00-$7.00 


Baltimore...........$1.50-$2.00* $2.50-$3.00* 
$2.50-$5.00 $3.50-$6.00 
Muehlebach........ .$2.50-$3.50* $4.00-$5.00* 
$3.50-$8.00 $5.00-10.00 
Phillips oaneke verses $2.50-$4.00 $4.00-$6.00 
Pickwick; |. sicker $2.50-$4.00 $3.50-$6.00 
Presid entities tence $3.00 $5.00 
Statstirenaat co ome $2.00-$3.50 $2.50-$5.50 


*Rooms without bath 


COMMITTEES 


The personnel of the general committee 
consists of: G. C. Shaad, chairman, vice- 
president South West District; R. W. 
Warner, secretary South West District; 
S. T. Blaisdell; J. E. Busher; C. B. Fall; 
C. Dr Farmans2DsC,; JacksonjnJt. seus 
Meyer; J. S. Palmer; A. A. Rall. Sub- 
committee chairmen are: R. L. Baldwin, 
hotels and registration; M. M. Boggess, 
finance; D. D. Clarke, technical sessions; 
D. W. Ellyson, golf; G. Fiske, entertain- 
ment; A. L. Maillard, inspection trips; 
O. P. Minnick, publicity and attendance; 
F. L. Phillips, transportation; M. P. Wein- 
bach, student activities. 


INSPECTION T'RIPS 


Kansas City is the home of nearly 
every type of industry that can hold the 
attention of an engineer, especially elec- 
trical engineers. Some interesting fea- 
tures to be studied are the new super- 
synchronous motor installations for the 
cement mills, the completely automatic 
system of the Kansas City Power & Light 
Company, the application of electricity 
to the milling industry, for example the 
new automatic installations of the South- 
western Bell Telephone Company. Engi- 
neers interested in the application of 
electricity to water supply systems also 
will find Kansas City a capital place to 
study. 


Grand Avenue Station 


In 1927, the Kansas City Power & 
Light Company acquired the old Grand 
Avenue Station of the Kansas City Public 
Service Company (the street railway 
company). This plant which was first 
put in service in 1903 was antiquated and 
expensive to operate; however, the loca- 
tion made it not only favorable for central 
power production and distribution, but 
ideal as a production center for the con- 
tinually inereasing demand for central 
district steam heat. Upon the acquisi- 
tion of this property, a rebuilding pro- 
gram was started which has extended 
over a four-year period and has involved 
the expenditure of nearly $6,000,000. 
The result has been the conversion of an 
obsolete inefficient station into a strictly 
modern, efficient, high-pressure power 
and heating plant. All central station 
men will want to review this rebuilt work 
and see how increased efficiency was 
brought about in so short a time. 


Other Points of Interest 


In addition to its two generating sta- 
tions, Kansas City for its size probably 
has the most complete automatic power 
distribution system of any city in the 
United States, with all power except for 
13.2-kv. primary service supplied from 
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substations equipped with complete auto- 
matic control. The system consists of 
two major parts: the d-c. substations, 
and city a-c. substations with outdoor 
a-c. suburban stations. 

The d-c. system embraces a restricted 
district in the downtown business section, 
with d-c. network fed from five syn- 
chronous converter substations of two 
automatically controlled machines, each 
of which feeds an individual bus, being 
tied together only through the d-c. 
network. 

The a-c. system consists of seven 
13,200/4,400/2,550Y-volt, three-phase, 
four-wire automatic substations. These 
stations located in various parts of the 
city are architecturally designed to con- 
form to the type of district in which they 
are located. Interior designs follow 
usual practise, but with such additional 
features as comply with latest ideas. 
Stations of interest in this group are: 
Substation R of residential type using 
reinforced conerete for switch barriers 
and regulator bays; Substation A of 
residential type using ‘‘Ha-dite’’ conerete 
barriers; and the latest Substation H 
located in a newly developed business 
and apartment district, with the station 
exterior designed to conform with the 
general architectural plan of the district. 
The interior design is in artistic agree- 
ment with the exterior. Special features 
of this station include switch structures 
and regulator bays of fabricated stone, all 
circuit breakers frame-mounted and not 
supported by the barriers, and a heating 
and ventilating system fully automatic 
in its operation. 

A yisit to the Bell Telephone building 
will afford an opportunity to inspect a 
large telephone power plant, a large 
telegraph repeater station, a panel-type 
dial central office, a large manual central 
office, toll and local operating rooms, ete, 
The Benton-Chestnut exchange which is 
to go into operation October 1, 1931 has 
the most modern type of dial equipment, 
together with associated operators’ posi- 
tions. This exchange has 16,500 ter- 
minal stations with an average of 120,000 
originating and 117,000 incoming calls 
per day. 

The committee has arranged a trip to 
the Bagnell water power project of the 
Union Electric Light & Power Company 
located in the center of the state. This 
trip, in addition to the fine papers on 
this subject, will give an interesting 
picture of this much discussed project. 


Radio Newspaper.—A daily newspaper, 
specially prepared for radio facsimile 
transmission by the Schenectady Union 
Star, has been sent daily to ships at 
sea from General Electrie’s short wave 
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mitter. 


station at Schenectady, N. Y., since 
July 30. The newspaper is compiled 
late in the afternoon to contain the 
latest news of the day, and is transmitted 
between 9 and 11 o’clock at night over 
apparatus developed by Dr. EH. F. W. 
Alexanderson (F’20). At present recep- 
tion of this radio newspaper is limited. 
Receivers have been installed by the 
Radio Marine Corporation on two 
transatlantic liners, the America, and 
the Minnikahda, and another is being 
operated in Doctor Alexanderson’s de- 
partment in the General Electric research 
laboratory, about 3 mi. from the trans- 
The receivers are known as the 
carbon facsimile recorders, developed a 
year or two ago by Charles J. Young, 
son of Owen D. Young. 


Tahoe Convention 


To Be Reported 


The Pacific Coast convention at Lake 
Tahoe, California, opened its sessions 
Tuesday morning, August 25, too late to 
be reported in this issue of HLecrricaL 
ENGINEERING. However, brief interpre- 
tative abstracts of all Tahoe papers may 


‘ be found on pp. 753-56 of this issue. 


The general news story covering con- 
vention activities will appear in the 
October issue. It is hoped also that the 
written discussion of Lake Tahoe papers 
will be in the hands of the secretary of 
the meetings and papers committee at 
33 West 39th Street, New York, N. Y., 
in sufficient time and in sufficient quantity 
to warrant the presentation of a review 
of discussion in connection with the 
convention story in the October issue. 


Directors Meet 


at Institute Headquarters 


The regular meeting of the A. I. E. E. 
board of directors was held at Institute 
headquarters, New York, August 4, 1931. 
Present were: President—C. KE. Skinner, 
East Pittsburgh, Pa. Vice-presidents— 
H. P. Charlesworth, New York, N. Y.; 
L. B. Chubbuck, Hamilton, Ont.; W. E. 
Freeman, Lexington, Ky.; W. B. 
Kouwenhoven, Baltimore, Md.; I. H. 
Moultrop, Boston, Mass.; G. C. Shaad, 
Lawrence, Kans. Directors—A. OB. 
Cooper, Toronto, Ont.; J. E. Kearns, 
Chicago, Ill.; J. Allen Johnson, Buffalo, 
N. Y.; A. E. Knowlton, New York, 
N. Y.; A. M. MacCutcheon, Cleveland, 
Ohio; C. E. Stephens, New York, N. Y. 
National treasurer—W. I. Slichter, New 


York, N. Y. National secretary—F. L. 
Hutchinson, New York, N.Y. 

The minutes of the directors’ meeting 
of June 24, 1931, were approved. 

Approval was given to a report of a 
meeting of the board of examiners held 
July 29, 1931; and upon the reeommenda- 
tion of that board, the following actions 
were taken upon applications pending: 
18 Students were enrolled; 51 Associates 
were elected; seven Members were 
elected; 23 applicants were transferred 
to the grade of Member and two to the 
grade of Fellow. 

Approval for payment by the finance 
committee of monthly bills amounting 
to $38,414.61 was ratified. 

Authorization was given for the exten- 
sion of territory of the Los Angeles and 
the San Francisco Sections in order to 
include the entire state of California be- 
tween the two Sections. 

The president announced the appoint- 
ment of committees and representatives 
for the administrative year beginning 
August 1, 1931. (A list of committees 
and representatives appears elsewhere 
in this issue.) 

As required by the by-laws of the 
Edison Medal committee, the board 
confirmed appointments to the committee 
made by the president as follows: D. C. 
Jackson, chairman for the year beginning 
August 1; E. B. Meyer, L. T. Robinson, 
and P. H. Thomas, for terms of five 
years each; C. E. Stephens to fill vacancy 
for the year ending July 31, 1932. Also, 
the board elected from its own member- 
ship to serve on the committee for terms 
of two years each, J. EK. Kearns, W. S. 
Lee, and F. W. Peek, Jr. 

In accordance with the by-laws of the 
Lamme Medal committee, the board 
confirmed the following appointments by 
the president: B. A. Behrend, A. M. 
Dudley, and J. C. Parker. 

Local honorary’ secretaries reap- 
pointed for the two-year term beginning 
August 1, 1931, were: M. A. Chatelain, 
Russia; A. F. Enstrom, Sweden; A. P. M. 
Fleming, England; T. J. Fleming, Argen- 
tina; Renzo Norsa, Italy; P. H. Powell, 
New Zealand; F. M. Servos, Brazil. 


Upon the recommendation of the 
standards committee, various subjects 
were referred for consideration to the 
electrical standards committee of the 
American Standards Association, and 
approval was given for publication as a 
report of the committee on electrical 
machinery for further study by those 
interested, of a proposed test code for 
transformers prepared by the electrical 
machinery committee. 

Progress report No. 7 of the joint com- 
mittee on welded rail joints, submitted 
by D. D. Ewing, A. I. E. E. representa- 
tive on the committee, was received and 
ordered filed in the Engineering Societies 
Library. 
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The board voted to hold its next meet- 
ing in Kansas City, Mo., during the 
District meeting to be held in that city, 
October 22-24. 

Other matters were discussed, reference 
to which may be found in this and future 
issues of ExecrrRicaL ENGINEERING. 


Faraday Centennial 
to be Held in London 


To COMMEMORATE the one hun- 
dredth anniversary of the discovery 
of electromagnetic induction in 1831 by 
Michael Faraday, who, blacksmith’s 
son though he was, has come to be known 
as the ‘‘ereator of the age of electrical 
power,” the Royal Institution and the 
Institution of Electrical Engineers of 
London, in cooperation with other 
British scientific societies, are arranging a 
centenary celebration to be held Septem- 
ber 21-23, 1931. Government and uni- 
versity bodies as well as other scientific 


interests also have joined hands in offering 


their cooperation and assistance to make 
the celebration worthy of the occasion. 

The following tentative program has 
been announced by the institutions 
sponsoring the celebration: 


Monday, September 21 


Afternoon 


Reception of delegates from repre- 
sentative institutions throughout the 
world in the lecture theater of the 
Royal Institution. 


Evening 


Faraday commemorative meeting at 
Queen’s Hall during which addresses 
will be given on Faraday’s work. 


Tuesday, September 22 


Morning 


Summer meeting of the Institution 
of Electrical Engineers begins with 
joint conference of the Institution and 
allied associations. 


Afternoon 


Visits and social functions. 


Evening 


Royal Institution: Conversazione 
at the House of Institution. 


Institution of Electrical Engineers: 
Conversazione and Faraday exhibition 
at the Albert Hall: 


Wednesday, September 23 


Morning 


Opening of the Faraday exhibition 
to the public. I. E. E. summer meeting 
and conference continued. 


Evening 


Opening meeting of the British 
Assosociation at the Central Hall, 
Westminster. 
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OE, 


Is this group in attendance at the Institute’s 22nd annual convention held 
at Asheville, N. C., June 19-23, 1905, were five some-time presidents of the Institute: 
T. Commerford Martin, 1887-8; Charles P. Steinmetz, 1901-2; John W. Lieb, 1904-5; 
Samuel Sheldon, 1906-7; and C. O. Mailloux, 1913-14. Of all these, Doctor Mailloux 


is the only one now living. 


Honoring Faraday and his work, the 
program on Monday evening will include 
tributes by the British Prime Minister, 
the Rt. Hon. J. Ramsay MacDonald, 
the Due de Broglie, Senator Marconi, 
Prof. Elihu Thomson, Prof. P. Zeeman, 
and other distinguished representatives 
of leading institutions throughout the 
world. The most outstanding feature of 
Monday night’s program, however, will 
be the commemoration address by Sir 
William Bragg, who is one of Faraday’s 
successors as head of the Royal Institu- 
tion in London where the majority of 
the great scientist’s experiments were 
carried out. 


The entire commemorative meeting of 
Monday evening will be broadcast in 
England by the British Broadcasting 
Corp., while in the United States the 
National Broadeasting Company will 
rebroadeast a portion of the program 
between 4:00 and 5:00 p. m. eastern day- 
light saving time. 

The exhibition to be opened on Wed- 
nesday has been arranged principally 
by the Institution of Electrical Hngi- 
neers, and will be open to the public for 
a period of about ten days. The central 
feature of this exhibition will be repro- 
duections and illustrations of Faraday’s 
actual experiments, prepared by the 
Royal Institution, together with a dis- 
play of some of his historic apparatus. 
Faraday’s chemical and electrochemical 
work, which while not so well known as 
his discovery of electromagnetic induc- 
tion nevertheless is hardly less remark- 
able, will be illustrated by means of 


special exhibits arranged by other co- 
operating societies. 

Upon invitation of both the Royal 
Institution and the Institution of Hlec- 
trical Engineers, the A.I.E.E. has 
appointed Dr. Wm. McClellan (F’12 and 
past-president) as its delegate to the 
celebration, and Dr. A. E. Kennelly 
(F’13 and past-president) as alternate. 

Preceding the Wednesday morning 
opening of the Faraday exhibition, Gen- 
eral Smuts, recently elected head of the 
British Association for the Advancement 
of Science, will deliver an address. On 
behalf of the other American societies 
who were invited to participate, Dr. F. B. 
Jewett (F’12.and past-president) then is 
scheduled to deliver brief felicitations by 
radiotelephone. 

Farapay’s Diary TO BE PUBLISHED 


Among the other many interesting 


. features of the celebration comes the 


announcement of the publication of 
Faraday’s diary, two volumes or more of 
which are expected to be ready by the time 
the celebration takes place. Faraday 
maintained a careful diary of all of his 
experimental work and this has been 
bequeathed to the Royal Institution and 
for over 60 years has been that organi- 
zation’s treasured possession. Although 
Faraday made extensive use of his notes 
in the preparation of his published works, 
the diary itself never has been published. 
As a permanent memento of the centenary 
celebration as well as of the man himself, 
managers of the Roya: Institution have - 
resolved to publish it in full. 
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Valuable Trophies Won 


in Summer Convention Sports 


Hf espuwer among the attractive 
sporting events offered at Asheville in 
connection with the annual summer con- 
vention of the Institute, June 22-26, 1931, 
was the annual tournament for the 
Mershon eup. Of chief interest in this 
connection is the fact that L. F. Deming 
(A’17) district engineer of the General 
Electric Company at Philadelphia, Pa., 
came into permanent possession of the 
Mershon trophy by virtue of his second 
winning of it. Mr. Deming won the 
first right to have his name engraved on 
the cup at the annual tournament held in 
connection with the summer convention 
at Cleveland, Ohio, in 1916. A beautiful 
silver tray also was presented to Mr. 
Deming as 1931 tournament winner by 
the Asheville convention sports com- 
mittee. As runner-up in the Mershon 
tournament, R. O. Bentley (M’14) 
superintendent of the Public Service 
Electric & Gas Company, Newark, N. J., 
was presented with a beautiful silver bowl. 


A silver bowl also was presented to 
S. K. Bushnell (A’22) Philadelphia sales 
manager for the Aluminum Company of 
America, for achieving low gross of 77 
(par 71) in the qualifying round. A. H. 
Sweetnam (M’18) superintendent of the 
electrical engineering department of the 
Edison Electric [luminating Company, 
Boston, also won a silver bow] for his low 
net of 60 (80-20) in the qualifying round. 

In connection with the second round of 
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the Mershon Cup event, a silver bowl 
was won by E. W. Dillard (A’16-M’30) 
electrical engineer for the New England 
Power Association, Boston, for his happy 
choice of 76 as a kicker’s handicap (100- 
24). Tied with Mr. Dillard so far as net 
scores in this event were concerned, were 
R. A. Monroe (A’30) hydraulic engineer 
for the Aluminum Company of America, 


‘Pittsburgh, and G. A. Kositzky (M’22- 


i’29) chief engineer of the Ohio Bell 
Telephone Company, Cleveland. The 
prize was awarded by lot to Mr. Dillard. 

For medal play handicap, two silver 
bowls were awarded, one to H. C. Don 
Carlos (E18) chief operating engineer for 
the Hydro-Electric Power Commission 
of Ontario, Toronto, for his low gross of 
82; and one to R. A. Monroe for his low 
net of 69 (84-15). 

In the ladies’ putting contest held on 
the 18-hole lawn course of the Grove 
Park Inn at Asheville, Mrs. W. K. 
Vanderpoel of South Orange, N. J., won 
first place and received a pair of silver 
bowls. As runner-up, Mrs. A. E. Bettis 
of Kansas City, Mo., won a silver plate. 

In men’s singles at tennis, J. K. Peck 
(A’27) assistant engineer for the National 
Electric Light Association, New York, 
came out best man receiving a silver bowl 
as his prize. As runner-up, EK. F. Lopez 
(A’16-M’18) manager of the National 
Import Company, Mexico City, won a set 
of six silver ash trays. 


Winners of 
Mershon Trophy 


A. M. Schoen 1912 
J. C. Mock 1914 
E. W. Allen 1915 
L. F. Deming* 1916 
A. A. Brown 1919 
M. G. Kennedy 1920 
Howard Maxwell 1921 
Philip H. Chase 1922 
G. L. Knight 1923 
R. O. Bentley 1924 
C. E. Stephens 1925 
H. C. Don Carlos 1926 
A. H. Sweetnam 1927 
W. C. Heston 1928 
W.S. Lee 1929 
Wills Maclachlan 1930 
L. F. Deming* 1931 


*Permanent possession gained 
by virtue of second winning. 


Illumination Engineers 


Meet in October 


The twenty-fifth annual convention of 
the Illuminating Engineering Society will 
be held at the William Penn Hotel, 
Pittsburgh, Oct. 12-16. Indications are 
that this convention will attract wide 
attention, several unusual additions 
having been made to the technical 
program, according to official announce- 
ment. There will be also a special pro- 
gram commemorating the society’s silver 
anniversary. 

Recognizing the present day import- 
ance of safety in night flying, the society 
has given over an entire session to the 
discussion of aviation lighting. Central- 
station lighting also will be given an 
important place on the program. 

A. W. Robertson (A’27) chairman of 
the board of the Westinghouse Electric & 
Manufacturing Company, East Pitts- 
burgh, is chairman of the general conven- 
tion committee, and J. A. Hoeveler of 
the. Pittsburgh Reflector Company is 
chairman of the convention executive 
committee; P. H. Powers (M’30) vice- 
president of the West Penn Power 
Company and Joseph McKinley, vice- 
president of the Duquesne Light 
Company are serving as vice-chairmen. 
The committees in charge invite early 
registration by all who expect to attend. 


Polish Engineering 
Secretary Visits U. S. 


Joseph Podoski, secretary-general of 
the Polish Association of Electrical 
Engineers, spent the first two weeks of 
August touring the eastern portion of 
the United States in the interests of 
his organization. Mr. Podoski spent 
appreciable time acquainting himself 
with the policies and operating procedure 
of the American Institute of Electrical 
Engineers and the American Standards 
Association; he was interested also in 
electric power problems and railway 
electrification, spending several days 
visiting manufacturing plants and op- 
erating properties in an effort to gain 
a first-hand impression of American 
technique. 

Mr. Podoski is one of the first Polish 
engineers to visit the United States 
under the reciprocal visiting member- 
ship privileges provided by action of the 
board of directors several years ago and 
recently extended to include the Polish 
Association of Electrical Engineers. 
Under this arrangement Institute head- 
quarters in New York receives and 
forwards mail, upon presentation of 
proper credentials provides letters of 
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“A Century of Progress” Electrical Group 


Gesu was broken Monday, July 20, 1931, for the Electrical Group, fifth 


building of Chicago’s 19383 World Fair. 


The building was designed by Raymond 


Hood of New York, is 1,200 by 300 ft. in plan, two stories high, and of striking modern- 
istic design employing a combination steel and special wallboard exterior; white, 


yellow, red, black, and blue are to be dominant colors. 


This structure will be em- 


bellished with hanging gardens and paved terraces, and will provide generous areas 
for the exhibition of generation, distribution, utilization, and communication equip- 


ment. 


introduction, affords a convenient meet- 
ing place for appointments, and places 
at the disposal of foreign engineers the 
resources of the Engineering Societies 
Library. Normally, these privileges 
are available for a period of three months, 
but are subject to extension for cause. 
Under the recently established arrange- 
ment members of the A. I. E. E. visiting 
Poland will receive full privileges from 
the Polish organization providing formal 
application is made through Institute 
headquarters in New York. 


A. C. Langmuir Prize in 
Chemical Research Awarded 


Dr. Linus Pauling, who at thirty has 
published nearly fifty papers in the field 
of pure science, and has won a full 
professorship in the California Institute 
of Technology, has been chosen as the 
first winner of the A. C. Langmuir prize 
of the American Chemical Society. The 
work of Pauling who will receive the 
award at the eighty-second meeting of the 
Society at Buffalo, September 2, has had 
to do with erystal structure, the quantum 
theory of the dielectric constant of gases, 
atomic and molecular structure, and 
determination of the nature of chemical 
bonds, 

The Langmuir Prize, awarded for the 
first time this year, is bestowed “in 
recognition of the accomplishment, in 
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America, of outstanding chemical re- 
search by a young man or woman prefer- 
ably working in a college or university.” 
It emphasizes, according to the an- 
nouncement, the debt industry owes to 
pure science. ‘“‘Outstanding chemical re- 
search for the purposes of the award,”’ it 
stipulates, ‘‘is that which is of unusual 
merit for an individual on the threshold 
of his career in chemistry.” 

Dr. A. C. Langmuir, brother of Dr. 
Irving Langmuir, noted scientist of the 
General Electric Company, is an indus- 
trial chemist, teacher, and author, whose 
principal researches have dealt with 
shellac and glycerine. He first became 
interested in chemistry while a student 
at Irving Institute, Tarrytown-on- 
Hudson, setting up a small laboratory 
in his home. His experiments attracted 
the curiosity of his younger brother, who, 
with this as a starting point, has won 
worldwide fame in electrical research. 


Secret Ray Light Applies Train 
Brakes.—An automatic stop system for 
trains, invented by Major Raymond 
Phillips of England, enables a person on 
the ground to apply the brakes and stop 
the train. All the person on the ground 
needs is a hand lamp that works a secret 
ray. When this light is thrown on an 
oncoming engine the ray works a special 
form of light-cell switch which applies 
the engine’s vacuum brakes.—Telegraph 
& Telephone Age, July 16, 1931. 


Photoelectric Cell 
Controls Street Lights 


In Albany, N. Y., nine street lighting 
circuits are turned on automatically as 
soon as a certain predetermined degree of 
darkness occurs, regardless of the hour of 
the day. The photoelectric device which 
provides this automatic control is 
mounted on the roof of the Albany service 
building of the New York Power and 
Light Corporation, and is one of the first 
such control units to be placed in com- 
mercial service. As long as the pre- 
determined degree of darkness prevails 
the device keeps the street lights in 
service, cutting them off upon the advent 
of sufficient daylight. 

According to the General Electric 
Company “ultimately all the street- 
lighting circuits in the city will be 
operated by similar equipment . ie 

It is claimed that the photoelectric- 
tube device is more flexible and positive 
in operation than are time switches or 
manual operation. For example, during 
the 97 per cent total eclipse of the sun 
expected in 1932 Albany street lights 
probably may be expected to turn on 
automatically, as they also may upon 
very dark and stormy days. Further, 
seasonal changes will be taken eare of 
automatically. 


Arthur Wright, noted English consult- 
ing engineer and a pioneer in meter 
engineering, died in England, July 28, 
1931, at the age of 73. A native of 
London, the first plan for him was to 
enter the medical profession; but he 
deviated from this course to take up 


electrical engineering, and as the first, 


electrical engineer for the Brighton Town 
Council, installed the Portslade generat- 
ing station. He was well-known in this 


country, visiting twice each year to 


instruct the employes of the Edison 
Electric Illuminating Company, Boston, 
in the latest developments of European 
engineering. As representative of the 
United States National Committee of the 
International Electrotechnical Commis- 
sion, he attended the London meeting 
(1929) and the Stockholm meeting (1930) 
of Advisory Committee No. 2. Until 
six months ago, when his health failed, he 
was a member of the Institute which he 
joined in 1906 as an Associate. 


Homer Eldredge Niesz,; manager of 
industrial relations and’ vice-president of 
the Commonwealth Edison Company, 
Chicago, president of the National 
Safety Council and a member of its 
executive committee, died August 7, 1931, 
of peritonitis. He was 63 yr. of age. 
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Airplanes Carry 
South American Freight 


A fleet of three G-31 Junkers planes of 
the Guinea Airways is reported as having 
been chartered primarily by the Bulolo 
Gold Dredging, Ltd., for hauling heavy 
mining equipment and supplies from the 
coast to their relatively inaccessible gold 
mines, and to carry back for export the 
precious metal itself. Each plane uses 
three 450-hp. air-cooled Bristol-Jupiter 
engines, giving a full-load speed of 115 
mi. perhr. Ona trial flight one of these 


planes carrying a 3.5-ton load of freight ° 


plus a crew of three and fuel sufficient for 
a flight of 114% hr., climbed 7,500 ft. in 
11 min. With one side engine cut out, 
the loaded freighter in 2 min. gained 
nearly 500 ft. of elevation. 

Bucket dredges equipped with eighteen 
Westinghouse motors ranging in size up 
to 200 hp. each, switching equipment, 
and 200-kw. transformers are typical of 
equipment that has been flown the 32 mi. 
inland to the British New Guinea gold 
fields. Much shorter than the former 
circuitous water route, the air line hurdles 
mountains more than 2 mi. high. 
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Pngincering Council 


Oil Pollution of Water 


Reported on Decline 


Pollution by oil of coastal and inland 
waters in the United States is declining, it 
is indicated in a recent report of the 
American Engineering Council’s joint 
committee on oil pollution. 

Legislation to extend federal jurisdic- 
tion over waters which are under state 
control is opposed by the committee, of 
which Robert S. Weston of Boston, repre- 
senting the American Society of Civil 
Engineers, is chairman. 

“Tn reviewing the general problem of 
pollution by oil,” the report declares, 
“the committee quite frequently has been 
confronted with the fact that one of the 
principal offenders in this connection is 
the United States Navy, which it is 
reported discharges oil from oil-burning 
warships without much regard for state 
or federal rules.” 

Replies to a questionnaire sent to 
sanitary engineers in 44 states show that 
pollution is believed to be decreasing in 
25 states, and increasing in eleven. In 
six states the question was regarded with 
doubt. Of greater importance to the 
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committee, however, is the fact that in 
26 states the present state machinery was 
thought to be adequate to control the 
situation. In only twelve states was it 
felt that this machinery was inadequate. 

House and Senate bills to enlarge 
federal authority are characterized by the 
committee as ‘““most undesirable.”” These 
measures make it unlawful for any person 
to discharge oil by any means into or upon 
navigable waters, or upon any of the 
Great Lakes, their harbors or their con- 
necting channels. Penalties are provided 
for violation of the law, the administra- 
tion of which would be placed in the War 
Department. 

Other members of the American Engi- 
neering Counceil’s oil pollution committee, 
which was organized by G. T, Seabury of 
New York, secretary of the American 
Society of Civil Engineers, are: Abel 
Wolman, Baltimore, chief engineer of the 
Maryland State Department of Health, 
representing the American Society of 
Civil Engineers, secretary; W. H. Gartley, 
vice-president of the Philadelphia Gas 
Works Company, and W. C. Morris, New 
York, vice-president of the Consolidated 
Gas Company, the American Society of 
Mechanical Engineers; C. V. Weston, 
consulting engineer of the Chicago Surface 
Lines, and J. William Wetter, manager of 
Madeira Hill and Company, Philipsburg, 
Pa., the American Institute of Mining 
and Metallurgical Engineers; Dr. H. C. 
Parmelee, New York, editor of Engineer- 
ing News-Record, and A. E. Marshall, 
Corning (N. Y.) Glass Company, Ameri- 
can Institute of Chemical Engineers. 


Peconnl 


H. L. Douerty (F138) according to 
recent disclosure through the columns of 
the society weekly, Cleveland Town Tid- 
ings (July 18, 19381) was the one who 
made financially possible the first flood- 
lighting of the Statue of Liberty. George 
Williams, well remembered figure at 
Nela Park, conceived the plan and pro- 
posed it to the New York World which 
promptly approached Mr. Doherty, then 
associated with Mr. Williams, to under- 
write the undertaking and promise to 
make good any deficit which might exist 
after all contributions were in. The 
World itself headed the list with $1,000 
and 80,000 persons subscribed to the 
cause; not, however, until Mr. Doherty’s 
promise of financial support had been 
obtained. The amount for which he 
ultimately gave his own check amounted 
to several thousand dollars. His part in 
the plan was pledged to obscurity, and 


neither his nor Mr. Williams’s names were 
to appear in any publicity of the scheme. 
Since 1916 the true facts have remained 
a secret. Mr. Doherty’s advance in the 
world of finances presents an interesting 
history. A news boy in the city of 
Columbus, Ohio, at the age of ten, he 
deserted that source of revenue two years 
later to become an office boy. By the 
time he was twenty he was manager of a 
public utility, and at thirty-five was a 
recognized leader in utility engineering 
and finance. 


C. L. Dawes (M’15) has been advanced 
from the rank of assistant professor of 
electrical engineering to associate pro- 
fessor at Harvard University. Mr. Dawes 
has done much valuable research work 
in the insulation field, contributing con- 
siderable to technical literature in a series 
of articles ‘Ionization Studies in Paper- 
Insulated Cables’? and others. He has 
held office on the N. E. L. A. eable re- 
search committee and the A.I. E. E. 
committee on dielectrics and subcom- 
mittee on definitions and terminology; 
is student counsellor and was a member 
of the A, I. E. E. committee on student 
Branches. He is a member of the 
National Research Council. 


T. R. Lanegan (M’30) who has been 
assistant manager of the northeastern 
district of the Westinghouse Electric & 
Manufacturing Company, now has been 
appointed manager, with headquarters in 
New York City. Before going to New 
York, Mr. Langan served his company in 
Philadelphia, Baltimore, Buffalo and as 
manager of the Syracuse office. He has 
been active also on engineering com- 
mittees of the A. EH. R. A., was president 
of its Metropolitan Section in 1928 and 
for the past three years has been busy as 
a member of the subject committee of 
the New York Railroad Club. 


W. F. James (M’20) formerly the 
Middle Atlantic district manager of the 
Westinghouse Electric & Manufacturing 
Company, has been appointed assistant 
to the commercial vice-president of the 
Atlantic Division of that company. He 
has been a member of the Westinghouse 
organization since 1909. Mr. James is a 
past-president of the Electrical Associa- 
tion of Philadelphia and of the Engineers 
Club of Philadelphia, a member of the 
industrial relations committee of the 
Philadelphia Chamber of Commerce, and 
a member and past regional vice-president 
of the A. I. H. E. 
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R. J. Wunstpy (A’28) ereator of the 
televox, first of popular mechanical 
robots, has been transferred from the 
Kast Pittsburgh engineering department 
of the Westinghouse Electric & Manu- 
facturing Company to the company’s 
meter department at its Newark works. 
Mr. Wensley has done notable work in 
connection with switehboard and auto- 
matic switch design and is a recognized 
authority in the field of intricate elec- 
trical control equipment. During 1929 
he served on the A. I. KE. E. subeommittee 
on automatic substations. 


G. I. Wriegur (M’28) in charge of 
electrification for the Reading Company 
(Philadelphia) since 1927, on May 16, 
1931 was made its chief electrical engineer 
in charge of all electrical and signal 
engineering. Mr. Wright, who at one 
time was assistant electrical engineer of 
the Illinois Central Railroad Company, 
continues as a member of the A. I. EK. E. 
transportation committee. His new ap- 
pointment is largely in recognition of the 
eapacity he has shown in the work. 


D. C. Jackson, professor of electrical 
engineering at Massachusetts Institute 
of Technology recently received the 
annual Lamme Medal award of the 
Society for the Promotion of Engineering 
Edueation, presentation being made at 
the annual convention at Purdue Uni- 
versity, Lafayette, June 17, 19381. This 
award is made ‘for accomplishment in 
technical teaching or actual advancement 
of the art of technical training.” 


H. E. M. Kensrr (M’08) after nearly 
twenty years in the Dominion Civil 
Service, retired August 1, 1931, to engage 
in private practise. His investigations 
and construction work in the United 
States and Canada included a detailed 
investigation of The South Saskatchewan 
Water Supply Division Project, involving 
comparative costs from all available 
power sources; water, steam, gas, and oil. 


EK. W. Loomis (A’19) who a few years 
ago was advanced from manager of the 
mill and mining section of Westinghouse 
Klee. & Mfg. Company to manager of 
the company’s northeastern industrial 
division, now has become Middle Atlantic 
district manager with headquarters in 
Philadelphia, Pa. 
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T. C. McFaruanp (A’22) who for the 
past year has been doing special work in 
engineering at the Bell Telephone Labora- 
tories, Inc., New York, now has returned 
to Berkeley, Calif., to resume his duties 
as associate professor of electrical engi- 
neering at the University of California. 


R. G. Mryeranp (A’28) who has been 
serving the Stone & Webster Engineering 
Company (Boston) as assistant to the 
chief electrical engineer, has been ap- 
pointed sales engineer of the Rockbestos 
Produets Corporation, New Haven, for 
its New England territory. 


W. S. Ricunarr (M’13) manager of 
the light and power department of the 
Indiana Service Corporation, Fort Wayne, 
Ind., one of the Insull properties, now has 
assumed charge of the distribution service 
of all Insull properties included in the 
Midland United Company. 


W. M. Herpruck (A’25) formerly 
with the engineering department of the 
Ohio Power Company, Canton, Ohio, 
now has the position of chief electrical 
inspector for the American Electric Switch 
Corporation, Minerva, Ohio, still retain- 
ing residence in Canton. 


K. B. Tsornron (M’138) who for a 
number of years, has been serving the 
Canadian Hlectric Railway Association 
at a recent meeting in Ottawa was 
elected president, the highest honor that 
ean be conferred upon an electrie railway 
operator in Canada. 


W. S. Girrorp (A’16) president of the 
American Telephone & Telegraph Com- 
pany, New York, N. Y., was elected a 
member of the American Philosophical 
Society at its recent annual meeting held 
at the University of Pennsylvania, 
Philadelphia, Pa. 


A. B. Day (M’16) president and 
general manager of the Los Angeles Gas 
& Electric Corporation recently was 
elected president (1931-19382) of the 
Pacific Coast Electrical Association, in 
which he has been actively interested for 
several years. 


O. K. Marti (M’27) formerly chief 
engineer of the American Brown Boveri 
Co., Inc., Camden, N. J., is now asso- 


ciated with the Allis-Chalmers Mfg. 
Company in Milwaukee, Wis., as engineer 
in charge of rectifiers and railway equip- 
ment. 


L. B. Anprus (F’19) president of the 
Indiana Electric Corporation, and a Life 
Member of the Institute, has been chosen 
by the National Electric Light Associa- 
tion to assume the presidency of its 
Great Lakes Division for 1931-1932. 


W. E. Gurzwitter (A’30) until re- 
cently electrical engineer for the American 
Brown Boveri Co., Inc., Camden, N. J., 
has moved to Milwaukee, Wis., to take a 
position in the rectifier department of the 
Allis-Chalmers Mfg. Company. 


A. S. Brown (A’30) instructor in the 
electrical engineering department of the 
University of Kansas, Fayetteville, Ark., 
until September 1 then became graduate 
research assistant, Kansas A. & M. 
College, Manhattan, Kansas. 


E. H. Morris (A’23) for many years 
chief engineer of the Board of Railroad 
Commissioners, State of North Dakota, 
recently was appointed chief engineer of 
the Public Service Commission of West 
Virginia, Charleston. 


G. T. Harness, Jr. (A’30) will serve 
in the capacity of assistant in E. E. at 
California Institute of Technology, Pasa- 
dena, on leave of absence from the College 
of the Pacifie to work for his Ph. D. 
degree. 


T. A. Fawretit (M’20) formerly con- 
nected with the San Francisco office of 
the Marwood Company of California, 
Ltd., has been appointed manager of the 
Los Angeles office of that company. 


R. C. Marswauu, Jr. (M’19) who has 
been serving the Sumner Sollitt Co., 
Chicago, Ill., as president, is now vice- 
president in charge of the B-W Con- 
struction Company, also of Chicago. 


R. D. Bran (A’21) who was manager 
of engineering development for the 
Brown Instrument Company, Philadel- 
phia, is now chief engineer of that 
company. 
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Presipent C. E. SkinnzER is the ap- 
pointed representative of the American 
Standards Association on the council of 
the International Standards Association. 


Obituary 


Wituiam E. Ricuarps (A’14-F’26) 
superintendent of electrical distribution 
for The Toledo Edison Company, Toledo, 
Ohio, died suddenly in his office August 
12, 1931. He was born at Waynesburg, 
Ohio, October 20, 1863. In the early 
eighties he installed and operated an 
electric light plant for the Thompson- 
Houston Company at Newton, Iowa, and 
in 1891 returned to Ohio in responsible 
charge of electrical and mechanical opera- 
tions for the Consolidated Street Railway 
Company, the various organizations of 
which occupied him until his death. 
Many of the advances of the Toledo 
Edison system were pioneered by him; 
he also planned and installed the flood- 
lighting system in the Statue of Liberty, 
receiving therefore a gold medal from the 
City of New York. 

Besides his membership in the Insti- 
tute, Mr. Richards was a member and 
an active worker in the Toledo Chamber 
of Commerce, The Edison Association, 
the National Hlectric Light Association, 
the Illuminating Engineering Society, 
the Ohio Good Roads Federation, and 
several other local organizations, pro- 
fessional and social. He was at one time 
chairman of the Institute’s Toledo Sec- 
tion. Endorsing his transfer to the 
grade of Fellow of the Institute, J. B. 
Taylor (F’14) consulting engineer, Gen- 
eral Electric Company, stated in 1925 
that ‘‘Mr. Richards has met and solved 
many special problems in the distribution 
of power, both d-c. and a-c., at low and 
high voltage. Resourcefulness and in- 
genuity exercised over a long term of 
years gives him a unique position in the 
central station field.” 


Auva C. Dinxey (A’97) former presi- 
dent of the Midvale and Carnegie steel 
companies, and a pioneer in the steel 
industry in Pennsylvania, died at his 
home August 10, 1931, after a three- 
monthys’ illness. He was sixty-five years 
old, and a well-known figure in the great 
steel activities of the country, having 
been engaged in the steel industry since 
beginning work in the Edgar Thomson 
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' Natural Sciences. 


Steel Works at the age of thirteen, He 
became president of the Midvale Steel 
and Ordnance Company, later the Mid- 
vale Steel Company, in 1915. His 
interest was largely in the electrical end 
of the steel industry, and throughout his 
life he was a close friend of Charles M. 
Schwab. Mr. Dinkey was a member of 
The American Society of Mechanical 
Engineers, the Society of Naval Archi- 
tects and Marine Engineers, the Engineer- 
ing Society of Western Pennsylvania, the 
Engineers Club of Philadelphia, the 
American Association for the Advance- 
ment of Science, and the Academy of 
He also held member- 
ship in the Racquet, Manufacturers, 
Sunnybrook, Five O’Clock (Philadelphia) 
Duquesne (Pittsburgh) clubs and the 
Indian House and Pennsylvania Society 
of New York. 


GrorGre GauutT Creep (A’22-M’30) of 
the central station engineering depart- 
ment General Electric Company, Sche- 
nectady, was drowned in Lake Ontario 
July 20, 1931. He was attending camp 
and had gone for a sail with a number of 
the company’s officials, when a violent 
squall capsized the boat. Mr. Cree, who 
was not a strong swimmer, sank and 
exhaustive effort failed to reach him. 
Born in Scotland in 1888, he was educated 
in English and Scotch schools, and 
entered the General Electric Test course 
at Schenectady in 1919. After a number 
of years abroad he entered the central 
station engineering department where 
his experience and personality won the 
confidence of the utilities with which his 
work brought him in contact. He was a 
member of the N.E.L. A. apparatus 
committee, and of late had become 
prominent in local Boy Scout movements. 


Bruce Forp (A’l1l) until recently 
general manager of the Hlectric Storage 
Battery Company, Philadelphia, of which 
he also was vice-president, died at his 
home near Philadelphia, August 10, 1931, 
after a brief illness. He was born in 
Brooklyn, N. Y. in 1873, and had been 
in the organization of the Electric Storage 
Battery Company since 1890, except for 
a few years in the early part of his career. 
More than fifty patents on inventions 
relating to storage batteries are registered 
in his name. Mr. Ford was a director 
of the Chloride Electrical Storage Com- 
pany, Ltd., Manchester, England, and a 
member of the American Society of 
Mechanical Engineers, Franklin Institute, 


the Engineers Club (New York and 
Philadelphia), the Philadelphia Cricket 
Club, the Old Colony Club, and the 
Military Order of the Loyal Legion. 


Lewis Jupson Weuts (A’24) sales 
engineer for the Diamond Electrical 
Manufacturing Company, Los Angeles, 
Calif., was killed in an airplane accident 
July 16, 1931. He had been with this 
company and its affiliated organizations 
since graduating from the California 
Institute of Technology in 1922. An 
interest in the art of flying led him to 
spend most of his leisure hours in the air. 


Addresses Wanted 


A list of members whose mail has been 
returned by the postal authorities is 
given below, with the address as it now 
appears on the Institute records. Any 
member knowing of corrections to these 
addresses will kindly communicate them 
at once to the office of the secretary at 
33 West 39th St., New York, N. Y. 


Buncr, Lewis I., Rocky Hill, Conn. 


CuarKk, Brrnarp, 79 Jenness St., East Spring- 
field, Mass. 


Coun, Wiut G., Box 222, Westwood, Calif. 


Corriveax, F. M., Electric Co., 
Schenectady, N. Y. 


Deacon, L. O., 6 Ailsa Ave., East Malvern, 
Melbourne, Australia. 


General 


Fourvui, SaHuneo, Shibaura Engineering Works, 
Tokyo, Japan. 


McLean, Jamss S., 190 Old Army Road, Scars- 
dale, N. Y. 


Metson, Sypnny W., Yeatton Woolwich Road, 
Abbey Wood, London §S. E. 2, England. 


Movnrain, ©. E., Burma Elec. Supply Co., 
Mandalay, Burma, India. 


Nvuser, Franx J., 3831 Rokeby St., Chicago, 
Tl. 


O’Suna, V., Jr., 115 Broadway, New York, 
IN ANSS 


Pistorius, L. H., 193 Jeppe St., Johannesburg, 
South Africa. 


Prupxam, W. M., 100 Biddle St., Wilkinsburg, 
Pa, 


Scurocx, Joun E., 3720 Main St., Lawrence 
Park, Erie, Pa. 


Sutirvan, Joun E., 6320 Kenmore Ave., 
Chicago, Ill. 

Tarn, Wiiiram, Apartado No. 41, Puebla, 
Mexico. 


Tune, C. T., c/o Stone & Webster Engg. Corp., 
Hopewell, Va. 
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etrecs to the Editor 


Has Man Benefited 
by Engineering Progress? 


Apparently the first article of The 
Engineering Foundation’s symposium, 
concerning the possible benefits accruing 
to and through mankind as a result of 
engineering progress, as published in the 
August issue of ELEcrRicAL ENGINEERING 
(C. E. K. Mees, p. 642) has appealed to 
different people in different ways. Among 
the letters received by the editors are the 
following: 


Tothe Editor: 


Doctor Mees’s article, ‘“‘Has Man Benefited 
By Engineering Progress?’ in the August issue, 
is a refreshing contrast to the average engineer’s 
blind worship of mechanical progress. It is as 
pleasant as it is unusual to find an eminent 
technician free from the common error of identi- 
fying industrial with human progress. 

If in accordance with Doctor Mees’s defini- 
tion, engineering is taken as embracing all of 
applied science, its development, particularly 
in the field of medicine, has certainly been of 
notable benefit to mankind. The gain is small, 
however, in comparison with the benefits which 
would result if progress in the subjective ele- 
ments of civilization kept pace with technologi- 
cal advancement. That it has not done so is 
of course a truism. Moreover, the inability of 
men to cast off superstition in their emotional 
and social life as fast as they discard it in dealing 
with the mechanics of existence is fraught with 
the gravest menace. Machinery merely ampli- 
fies the capacity for evil of the stupid and 
sadistic herd and its leaders. ‘‘Against stu- 
pidity,’’ said Schiller, ‘‘the gods themselves 
fight in vain.’’ Give to stupidity or ferocity 
modern machine guns and automobiles, and 
the gods might as well retire from the conflict 
altogether. It looks at times as if they have 
already done so. 

For all this the engineers are as much to 
blame as educators, priests and magistrates. 
The very success of the engineering profession 
places on it some measure of responsibility for 
the misuse of its implements. The engineer is 
both too proud and too humble. He is too 
proud, because, unlike Doctor Mees, he seldom 
apprehends the narrowness of his contribution. 
Because of the feeling of power he derives from 
it personally, he comes to regard it as an end 
in itself. He is too humble, because he will not 
even raise his voice in protest against the per- 
version of his creations. He is like a designer of 
firearms who having created a particularly 
neat and powerful engine of destruction, puts 
it into the hands of a chimpanzee and goes on 
his way rejoicing. 

The stability of society is at least as important 
as the stability of an electrical distribution 
system; but as long as this attitude is general, 
there is no hope of curing the fundamental evils 
of communal life, On the contrary, blind indus- 
trial proliferation will merely increase our 
hazards and the extent of our failure. Both the 
lowly and those high in power are uneasily 
conscious of the inability of mankind to adapt 
itself to the complications of the Machine Age. 
The principal burden of shame is on the success- 
ful and the competent. It matters little to the 
individual whether he starves because there is 
not enough food in the world, or too much. But 
the latter condition is much more disgraceful to 
society than the former. 
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There is perhaps nothing that the engineer, 
as a highly specialized helot of business, can do 
in an immediately practical sense, but it is 
encouraging to see him begin to think along the 
lines of the forthcoming series of papers. He 
may learn that the proper study of mankind is 
man, and not merely transmission lines, circuit 
breakers, and car couplings. He may be forced 
to acknowledge that, at the present stage, 
psychiatry and the social sciences are more 
important than further progress in engineering, 
and if he is somewhat humbled in his own esti- 
mate of himself, it may increase his usefulness 
in the long run. 

Sincerely yours, 
CARL DREHER (A’23) 
(Director, Sound Dept., R. K.O 
Studios Inc., Los Angeles) 


To the Editor: 

You have asked for comments on the article, 
‘‘Has Man Benefited By Engineering Progress?” 
by Dr. C. E. Kennedy Mees. It would require a 
rather extended discussion to refute Doctor 
Mees’s beliefs. It is undoubtedly true that 
one’s judgment on the influence of engineering 
progress on human welfare will depend upon 
the definition or assumption of the meaning of 
the term benefited. It seems to me that 
Doctor Mees has given an exceptional narrow 
meaning to this term. I believe the term human 
welfare, as used in the preamble of the Consti- 
tution of the United States, comes nearer expres- 
sing living conditions that have been influenced 
by engineering progress. 

If we consider the contributions of engineering 
progress toward the fulfillment of the aims speci- 
fied in the preamble of the Constitution, there is 
no doubt in my mind but what engineering 
progress has done more to promote the general 
welfare and to secure the blessings of liberty to 
ourselves and our posterity than all the philoso- 
phies written since Aristotle. 

Doctor Mees asks the question, ‘‘will any 
student of history agree that the inhabitants of 
an American city are any happier on the whole 
than those of the Greek or Babylonian cities of 
the past?’’ The degree of happiness is incom- 
mensurable. If we substitute for happiness, 
welfare, I have no hesitancy in stating emphatic- 
ally that the inhabitants of an American city 
have on the whole a much higher state of well 
being than the majority of the inhabitants of 
the Greek or Babylonian cities. It is useless to 
deny that the Greeks developed a high state of 
culture, but that culture was merely a crust 
superposed upon a state of society which today 
would not be tolerated even in a semi-civilized 
community. In so far as advancing the civiliza- 
tion—that is, improving the social conditions 
of the masses—of its own period is concerned, 
the philosophies of Greece and Rome did no 
more than the pyramids of Egypt or the palaces 
of Peru. Human progress was not arrested 
because ancient civilizations fell, but the civiliza- 
tions fell because human progress had been 
arrested. 

Doctor Mees still has the privilege of walking 
a short distance. At the same time he can ride 
a long distance if occasion demands, and on 
the way he may acquire by such experience an 
appreciation of life in remote regions. All of life 
and culture is not confined to a garden. The 
emotions aroused by the majesties of the Grand 


Canyon and of the snow-capped mountains are 


just as cultural as those aroused by a poem, a 
book on philosophy, or a growing radish. They 
are, however, beyond the confines of a garden 
and beyond the limits of a short walk. Like- 
wise, Doctor Mees still has the privilege of 


attending to his business in a leisurely manner, 
to live in a small city, to cultivate a small garden, 
but I see that he lives in Rochester, New York. 
Assuredly, then, the attractions of a large city 
are more alluring and satisfying than living ina 
small city. 
Very truly yours, 
C. M. JANSKY (A’06) 
(Professor of Electrical Engi- 
neering, University of Wisconsin, 
Madison) 


To the Editor: 

A few comments on the article, ‘‘Has Man 
Benefited By Engineering Progress?’ by 
Doctor Mees. 

Perhaps it would be well to think of the ad- 
vancement of modern life as a series of tedious 
climbs from one level to another with resting 
places along the way. 

It is apparent that mankind has been ad- 
vancing rapidly and fighting feverishly to 
maintain a higher level of living for the past 
decade. Without the equipment of life suf- 
ficiently perfected to hold the level, so that the 
accomplishment has been made with a sacri- 
fice of human happiness. 

It is quite apparent that the equipment neces- 
sary to the security of such a level has been 
satisfactorially perfected at this time; and that 
the plane of life can now be maintained, through 
its application. 

The necessities of life can be abundantly 
supplied with the available equipment and with 
a very effective decrease in man hours that will 
occur when economic conditions are fully 
understood. 

There is little to fear in the form of revolution, 
though at this time, such a turn might seem 
inevitable. 

This new level of life with its new standards of 
living was arrived at rapidly and we do not yet 
know how to curtail its productivity without 
injuring human happiness. Though we know 
man hours must be decreased materially. 

The solution slowly evolves as Engineering 
applies the Science of Economics. 

Yours very truly, 

ORRIN 8S. VOGEL (A’29) 
(Electrical Engineer, Georgia 
Power Company, Atlanta) 


To the Editor: 

Dr. Mees, in the August issue of ELEcTRICAL 
ENGINEERING, takes a very pessimistic view 
of engineering’s contribution to human progress, 
and I should like to present a point of view that 
will lend a little more rosy tint to the accom- 
plishments of science and its handmaiden, 
engineering. We all realize that points of view 
are many and are usually taken by choice 
according to the temperament of the chooser. 
It must be confessed that between two views 
equally rational and consistent with the facts 
of history I should choose the more optimistic, 

The yardstick by which I should measure 
the progress of the world is consciousness. Of 
course there are many definitions of the term 
and much will depend upon which definition is 
chosen. The sense in which I wish to use it, is 
the very broad one which includes both intel- 
lectual and emotional . knowledge. For a 
further interpretation of this concept we might 
give as one reference the books of Prof. Warner 
Fite. To increase consciousness seems fully 
as fundamental an aim or purpose of mankind 
as any mentioned by Dr. Mees, even in its 
narrowest sense. 

Life from the very beginning can be inter- 
preted and explained in terms of such a measure 
very remarkably. The discoveries of speech 
and writing are the very foundations of the 
human race as we know it, and it is reasonable 
to suppose that progress in the future will be 
the result of other such remarkable discoveries. 
A return to the state of the contented cow can 
be justified on many grounds, but not on the 
ground of increasing consciousness. Is it not 
proper to value the forces that have made us 
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and look for their contmuance in estimating 
progress? 

Let us for a moment attempt to evaluate 
science in terms of increasing consciousness. 
Many of the results of science sink away into 
nothingness; for example, those things which 
create mere comfort and draw people from, 
rather than to, an active life. The great 
achievements, not always without pain and 
discomfort to many, appear as those that have 
added to better communication, recording, and 
understanding. Photography, wireless  tele- 
phony, talking pictures, better transportation, 
cheaper books and magazines, and, in the realm 
of pure science, the new understanding of the 
universe and of the need for higher dimensions. 
These are the things that are going to lead to a 
race as much higher than we, as we are higher 
than the cave man. 


It is true that engineering has been concerned 
almost entirely with material things, and in so 
far as it is limited to them it is insufficient; 
however, no one but an engineer will say that 
engineering is the whole of life. Owing to the 
spread of an artificial scientific attitude, reli- 
gious fervor and spiritual awakening may even 
have suffered temporary setbacks, but how 
much greater will they be when man turns the 
instruments he is as yet just beginning to dis- 
cover in the direction of things immaterial; 
immaterial yes, but more lasting and more 
powerful in human good than anything now 
imagined. 

Yours very sincerely, 

W. C. JOHNSON, JR. (A’29) 
(Electrical Engineer, Industrial 
Engineering Dept., General Elec- 
tric Co., Schenectady, N. Y.) 
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Men 
Available 


ELECTRICAL ENGINEER, 1930 graduate, 
25, single. Eight months’ construction experi- 
ence; one summer with public utility, one year 
G. E. Test including six months on vacuum 
tubes. Eastern location preferred. Interested 
in any position except sales. Available on 
short notice. G-9591. 


ELECTRICAL ENGINEER, 36, married, 
18 years’ experience on power plants, trans- 
mission lines, substations, switchboards, tele- 
phones, mine electrical equipment, motors, 
lighting, marine electrical work, draftsman. 
Five years’ electrical engineer wiring for power, 
light, telephones, signal systems, elevators for 
all types of buildings. Also expert plumber, 
heater and tinner. C-9348. 


1931 ELECTRICAL 
GRADUATE, age 25. 
known engineering college. 
any of the following or similar classes: indus- 
trial contol, research, radio, test, design, 
development or maintenance. Worked through 
school by alternating years at school with years 
at work. Excellent references. Industrial ex- 
perience. Honor student. C-9518, 


MANAGER, SUPERINTENDENT, RESI- 
DENT OR OPERATING AND MAINTE- 
NANCE ENGINEER, technical graduate, B. 8. 
in E. E., 22 years’ experience, engineering, 
construction, operation and maintenance of 
steam, hydro and Diesel power stations, trans- 
mission and distribution systems, as well as 
special process and heavy mechanical equip- 
ment and industrial plants. C-9597. 


ERECTING ENGINEER, 46, of broad 
experience in power plant construction, mainte- 
nance, and operation. Exceptional ability in 
the erection and wiring of switchboards, power 
plant auxiliaries, oil circuit breakers, and high- 
voltage outdoor substations. Available im- 
mediately. C-8792. 


ELECTRICAL ENGINEER, 32, married, 
8 years in iron and steel works, ‘oil fields, etc. ; 
electrical installation and maintenance. Three 
years central and substation electrical plant 
installation. Five years electrical drafting of 
rolling mill, coal mines, and public utility 
electrical plant. Anywhere United States or 
abroad. O-625. 


1931 ELECTRICAL GRADUATE, midwest 
university, 22, single. Tau Beta Pi student. 
Desires connection with manufacturing or 

ublic utility concern. Location preferred, 
Middle west. O-9398. 


ELECTRICAL CONDENSER ENGINEER 
with thorough knowledge and extensive experi- 
ence in the design and application of impreg- 
nated paper, mica, and air dielectric condensers. 
Would like to organize or reorganize condenser 
department for reliable manufacturing company. 
Will present Cone details on receipt of 
correspondence. C-7970 


ENGINEERING 
B.S. E.E. in well- 
Desires work in 


SEPTEMBER 1931 


ELECTRICAL ENGINEER, specializing for 
the past four years in research and development 
work on hot-cathode neon arc lamps a-c. and 
d-c., low-voltage neon sign tubes, photo cells, 
mercury-rare gas, ultra-violet tubes. Desires 
to connect with company developing rare-gas 
arcs for television projection. O-9598. 


GENERAL ENGINEER, primarily elec- 
trical, 37, countrywide experience with largest 


engineering and construction corporations. 
Responsible charge utility and industrial de- 
sign, application, study, report, appraisal, 


operation and superintendence of construction. 
Successful contacting clients and handling men. 
Experienced in mechanical and_ structural 
practises. Now a Interview at Bos- 
ton or New York. C-9627 


GRADUATE ELECTRICAL ENGINEER 
for shop supervision, research or development. 
Six years’ shop, assembly and test. Twelve 
years design high-voltage out-door equipment. 
Knows shop tools by actually serving in shop. 
Has inventive ability, pleasing personality, and 
knows men. Age 40, married, now in Middle- 


West. C-9641. 
ELECTRICAL ENGINEER, 24, single. 
Degree B. S. in E. E., Marquette ’31. Three 


and one-half years’ cooperative work in large 
manufacturing plant. Four years’ housewiring 
experience. Location, Middle West, preferably 
Milwaukee. C-9642. 


ELECTRICAL ENGINEER (Cornell), well 
known in South Africa for many years, and 
having an established engineering business in 
Johannesburg, seeks agencies for American 
electrical apparatus and supplies suitable for 
mining and industrial uses. C-9657. 


ELECTRICAL, RADIO ENGINEER, 31, 
graduate with B.S. E. E. University of Cali- 
fornia. Experience in electrical and mechanical 
design, test and operation of radio and high- 
frequency circuits, apparatus. Experience in 
design and development of heavy power auto- 
matic switchboards and gang switches. Excel- 
lent references. Location preferred, New York. 
Available at once. C-6734. 


ELECTRICAL ENGINEER, graduate of 
Lehigh University, 1930, age 25, one year on 
general test crew of large Pennsylvania Utility 
company. Mechanical and electrical experience. 
Three months for telephone company as student 
engineer. Can come for interview promptly. 
All references desired. O-9659 


ELECTRICAL ENGINEER with years of 
sales experience in the Middle West desires 
connection with headquarters preferably in 
Cleveland. University graduate in EK. 
knows selling and advertising of technical 
products thoroughly. Would be excellent rep- 
resentative for growing manufacturer or pub- 
lisher. B-8614. 


MANAGER, electric light properties, 39, 
Protestant, married, 15 years’ experience, sales, 
public relations, line-building, operation, main- 
tenance, costs, franchise work, meters, trans- 


formers, accounting, billing, collections. Dis- 
trict manager for property having 75 employees; 
sold out own property in Minnesota. Desires 
similar or departmental position anywhere; 
preference Middle West. Available imme- 
oe Salary secondary to opportunity. 


COMMUNICATION ENGINEER, 31, 
single. Experienced telephone, radio installa- 
tion; design, development of testing equipment 
for telephone, radio, sound-picture circuits ; 
design, use of semi-, full-automatic testing cir- 
cuits to eliminate human element in testing ; 
industrial applications of photoelectric cells, 
thermionic tubes. Best references as to pro- 
fessional ability, personal integrity. Location, 
immaterial. Available immediately. C-9376. 


ELECTRICAL ENGINERR, graduate east- 
ern university, 1930 member honorary society, 
Iota Alpha. Ten months’ experience Westing- 
house Test on distribution and instrument 
transformers commercial tests and phase-angle 
measurements. Also in testing department, 
large public utility for a summer on ene 


tests. Desires position in engineering field 
wih i opportunity. Location, immaterial. 
-9564. 


CENTRAL-STATION DESIGN ENGI- 
NEER, 33, graduate M.I.T., eight years’ 
experience covering complete engineering design 
of generating stations, high-voltage switching 
stations, substations and transmission lines; 
including estimates, specifications, and purchase 
of equipment. Experience includes 18 months 
on the G. E. Test course and one year in the 
field. Married. C-4338 


ELECTRICAL DESIGNING ENGINEER, 
25 years’ experience with public utilities and 
industrial companies, power house and sub- 
stations, steam and hydroelectric, copper ore 
and nitrate ore reduction plants, married. 
Seeks permanent connection, responsible posi- 
tion, anywhere in United States and Canada. 
New York State P. E. license. B-7031 


ELECTRICAL ENGINEER, 28 married, 
1924 graduate of recognized technical college 
with degree of E. E. Three years’ experience 
with large metropolitan public utility in charge 
of relays and system protection. Three years’ 
experience in electrical laboratory investigating 
and testing all types of electrical devices. _ Loca- 
ee preferred, New York City or vicinity. 

-8793. 


EXECUTIVE ENGINEER (M. I. T. elec- 
trical post graduate degree). Fifteen years’ 
experience with metropolitan power companies, 
large electrical manufacturer and in aeronautic 
test, design, research and construction. Ex- 
tensive knowledge. Good leader with initiative. 
Will travel. B-1041. 


ERECTING ENGINEER, 46 broad experi- 
ence in power-plant construction, maintenance 
and operation. Exceptional ability in the 
erection and wiring of switchboards, power 
plant auxiliaries, oil circuit breakers, and high- 
voltage outdoor substations. Available im- 
mediately. C-8792. 


ENGINEER, age 27, B. S., three years and 
seven months C. E. experience. Desires posi- 
tion with hydroelectric project. Qualified for 
chief of party, transitman, estimator, assistant 
engineer. C-9382. 


ELECTRICAL ENGINEER, over 17 years’ 
experience in light and power field, several 
years in charge of work, desires position in 
charge of electrical engineering work for central 
station company, either with or without con- 
struction and operating duties. University 
graduate, good technical knowledge, and ability 
to handle men. B-1923. 


1928 GRADUATE ELECTRICAL ENGI- 
NEER, age 24, General Electric Company over 
two years, including one year test on power and 
control apparatus and one year laboratory 
development and measurement. Desires posi- 
tion with industrial company or with scientific 
sep od Prefers Philadelphia or New York. 

-9683. 


SENIOR ELECTRICAL ENGINEER, 35, 
married. Considerable experience in projection 
and complete design of mills, power plants, 
distribution and other industrial phases. Some 
development experience. Urgently in need of 
placement. B-3172. 


RAILROAD ELECTRICAL ENGINEER, 
six years varied design, construction, operating 
experience large western and eastern railroad 
electrifications; familiar with American, Euro- 
pean practise regarding transmission lines, sub- 
stations, catenary systems, motive power. 
American, college graduate, good references. 
AR TOE A.S.M.E., A.R.A., AEREA. 
membership. C-8463. 


GRADUATE ELECTRICAL ENGINEER, 


B. S. in E. E., 19312. Single, 25. Courses’ ; 
taken include design, radio, and telephone. 
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Slight knowledge of Spanish and German. 
One year’s experience with electrical prospecting 
company. Desires position with any manu- 
facturing or engineering concern. Location 
and salary secondary, opportunity and experi- 
ence being main factors. C-9692. 


1931 GRADUATE ELECTRICAL ENGI- 
NEER, age 22, married. B. S. in E. E. from 
Pennsylvania State College. Three months’ 
experience as assistant engineer with telephone 
company and two months in system operating 
department of large power company. Desires 
position with utility, engineering, or manu- 
facturing concern. Location,immaterial. Ref- 
erences. Available immediately. OC-9695. 


VALUATION ENGINEER, graduate of 
technical school of standing with B.S. E. E. 
degree, 29, married. Over five years’ experience 
in appraisal and financial work for public 
utilities. Desires position with consulting 
engineer or with banking or investment company 
dealing in utility securities. Present un- 
employment due to a merger. Available im- 
mediately. C-9700. 


ELECTRICAL ENGINEER, B. S. degree 
1929, single, 23; desires engineering or sales 
work with opportunity for advancement. Has 
year and a half experience in service department 
of power company. Location, immaterial. 
References. Available immediately. C-9034. 


ELEVATOR ENGINEER, 37, married, 
EH. E. degrees at Cornell, ’20. Six and one-half 
years’ practical experience in the engineering, 
manufacture and production of elevators; 
three additional years in application of con- 
trol and signal equipment to elevators. Desires 
sales or sales engineering work. Location, 
Midwest preferred. C-4486. 


1931 TECHNICAL GRADUATE of eastern 
college, B. S. in E. E. Experience in Bell 
telephone laboratories, Western Electric Com- 
pany and Perryman Vacuum Tube Company. 
Familiar with power-line carrier telephony, 
vitaphone presentation, vacuum-tube produc- 
tion and research. Honor student at college. 
inte position with a well-organized firm. 


ENGINEER, for the past 20 years in re- 
sponsible positions in connection with design 
and construction of electric power plants, 
Switching stations and transmission lines; also 
reports on electric utilities, with antecedents as 
blast-furnace, rolling-mill and waterworks 
engineer, seeks responsible work requiring 
preferably a combination electrical, mechanical 
and structural engineer. C-9332. 


ESTIMATING ENGINEERING, B. S. de- 
gree in E. E., age 34, married. Ten years’ 
experience with large company manufacturing 
electrical power equipment, includes designing 
electrical and mechanical construction and 
calculating cost, weight, and dimensions of this 


apparatus in connection with customers’ 
negotiations, Available at once. Location, 
immaterial. C-4633. 


ELECTRICAL ENGINEER, B. S. degree 
Lehigh University, single, age 22. Desires 
position with utility, construction, or manu- 
facturing company. Location, immaterial. One 
summer with New York Edison Company, 
Test Bureau. Available immediately. C-9702. 


ELECTRICAL ENGINEER, B. S.in E. E., 
University of Michigan, August 1931. Eight 
months student engineer with electrical manu- 
facturer prior to graduation. Associate mem- 
ber of Sigma Xi. Full member of Sigma Rho 
Tau honorary speech society. Unusual success 
in collegiate debating and public speaking 
indicate desirability of sales work. Location, 
immaterial. O-9709. 


GRADUATE ELECTRICAL ENGINEER, 
B. S. in E. E., 1931, intends to study for M. 8. 
degree at night; 21, single. Desires position in 
any electrical engineering field including radio 
or vacuum-tube work. Available at once. 
eee New York preferred but not essential. 

-9467. : 


ELECTRICAL ENGINEER, 26, single, 
Swiss graduate, 1928. Full quota immigrant. 
Experience: assistant designer of transformer 
stations and _ substations. Insulator testing. 
Research in the States. Graduate student at 

I. T. Speaks fluently French, English, and 
German. Connection with outstanding firm; 
testing, research, or manufacturing desired. 
Location, immaterial. O-9654. 


GRADUATE ELECTRICAL ENGINEER, 
B. 8S. in E. E., 1928, 26, single. Two and one- 
half years’ experience as designing engineer on 
distribution and metering transformers. De- 
sires position with public utility, contracting, 
or industrial concern. Available at once. 
Location, immaterial. C-9693. 


ELECTRICAL ENGINEER, two years’ 
Westinghouse Test; 25 years’ experience, partly 
in South America as engineer and manager of 
public utilities, and mining. Speak Spanish 
fluently. Also Diesel-engine and refrigeration 
experience. Location, immaterial. B-5912. 


GRADUATE ELECTRICAL ENGINEER, 
age 28, married, with eight years’ experience in 
industrial plant construction and maintenance; 
railway electrification; power-plant design, 
estimating, and construction. Supervisory ex- 
perience on construction and costs with con- 
tractor. Desires position with utility manu- 
facturer or contractor, where ability to handle 
reene mase produce results is a prerequisite. 


1931 ELECTRICAL ENGINEERING 
GRADUATE, age 23, B. S. at North Carolina 
State College. Desires position with oppor- 
tunity for advancement with utility, manu- 
facturing, or any other engineering firm. Can 
furnish best of references. Location preferred, 
East or Middle West, O-9660. 


ELECTRICAL ENGINEER, B. S. in E. E. 
’31, 23, single. Has had some experience in 
telephony. Desires position with power or 
telephone company. Available immediately. 
Location, immaterial. C-9710. 


1931 TECHNICAL GRADUATE, B. Sc. in 
EK. E. from a midwestern university, desires 
permanent connection with chance for advance- 
ment, Age 26. Location, immaterial. Avail- 
able immediately. C-9717. 


SALES ENGINEER, graduate E, E. and 
N. Y. State licensed professional engineer, 
twelve years’ experience, capable correspondent, 
thoroughly familiar with routine office details, 


57 Post St. 
San Francisco 
N. D. Cook, Manager 


AY, pees enelvaehenie by the national socie- 
ties of civ, mining, mechanical, and 
electrical engineers, in cooperation with 
the Western Society of Engineers, Chicago, 
and the Engineers’ Club of San Francisco. 
An inquiry addressed to any of the three 
offices will bring full information concern- 
ing the services of this bureau. — 


Men Available.—Brief announcements 
will be published without charge: repeated 
only upon specific request and after one 
month’s interval. Names and_ records 
remain on file for three months; renewable 
upon request. Send announcements direct 
to Employment Service, 31 West 39th 
Street, New York, N. Y., to arrive not later 
than the fifteenth of the month. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


205 West Wacker Drive 
Chicago 
A. K. Krauser, Manager 


31 West 39th St. 
New York 
W. V. Brown, Manager 


Opportunities.—A weekly bulletin of 
engineering positions open is available to 
members of the cooperating societies at a 
subscription of $3 per quarter or $10 per 
annum, payable in advance. 


Voluntary Contributions.—Members 
benefiting through this service are invited 
to assist in its furtherance by personal con- 
tributions made within 30 days after place- 
ment on the basis of 1.5 per cent of the 
first year’s salary. 


Answers toAnnouncements.— 
Address the key number indicated in 
each case and mail to the New York office, 
with an extra two-cent stamp enclosed 
for forwarding. 
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sales-promotion programs, training and handling 
men, direct sales to industrials and_ utilities, 
preparing specifications, designing industrial 
motor drives, control wiring diagrams and sub- 
station design. O-5239. 


JUNIOR ENGINEER, 1931 graduate, B. S. 
E. E., University of Alabama. Desires position 
with utility, construction, manufacturing com- 
pany. Location, immaterial. Experienced in 
power-plant and building installation and 
industrial control, having been employed for 
eight summer months and one full year, first as 
electrician helper and later as first-class elec- 
trician. O-9446. ‘ 


GRADUATE ENGINEER, B. S. in E. E., 
25 years’ experience in electrical, mechanical 
design operation, maintenance and construction 
of power plants. Last seven years on con- 
struction and putting in operation of power- 
plant equipment. Combustion, heating and 
high-pressure piping installations. Available 
now. O-7848. 


SALES ENGINEER AND EXECUTIVE, 
electrical and mechanical training, seven years’ 
sales engineering and executive experience in 
application of precision equipment to electrical 
equipment. Would like opportunity to develop 
sales of mechanical product allied with electrical 
industry or of electrical nature sold to central 
stations and industrials. C-5431. 


1930 ELECTRICAL ENGINEER, Rens- 
selaer Polytechnic Institute, 24, 5’834”, 160 
lb., in very good health, desires immediate 
connection. Will go anywhere, anytime; 
take foreign service if necessary. Hydro- 
electric and power maintenance, construction 
and installation before graduation. Willing to 
start in as draftsman if necessary. Quite 
studious and ambitious. C-7936. 


ELECTRICAL ENGINEERER, technical grad- 
uate, 32, married. Twelve years’ experience in 
design of steam and hydroelectric power stations, 
bus-stations, and industrial plants, including 
estimates, costs, specifications, purchase of 
equipment, drafting, and construction super- 
vision. Desires position with public utility, 
engineering or industrial concern. References. 
New England preferred but will consider other 
location. C-9715. 


ELECTRICAL ENGINEER with wied 
practical experience in design, construction, 
operation, distribution, superintendence of gas 
and electric public utilities, desires permanent 
connection with industrial organization in the 
Middle or Far West. C-9668. 


RECENT GRADUATE, 23, Pratt Institute 
in industrial electrical engineering. Desires 
position with power company or related work 


in manufacturing or construction. Location, 
East. OC-9727. 
MECHANICAL AND ELECTRICAL 


ENGINEER, research, development, reports. 
Phys. tests of material. Metallography, X-ray 


analysis. Languages: French, and German. 
Available on short notice. Location, im- 
material. C-6994. 


ELECTRICAL ENGINEER, graduate Le- 
high University 1922. Experienced all kinds 
construction, transmission work power plants, 
substations, étc. mostly as draftsman laying 
out such work. Also familiar with electrifica- 
tion in anthracite fields. . Willing to accept 
drafting, engineering, or any other electrical 
position. Location, eastern states preferable 
but anywhere considered. C-9723. 


GRADUATE ELECTRICAL ENGINEER, 
22, single, B. S.in E. E. 1931, Lehigh University. 
Three months’ summer experience testing de- 
partment large public utility. Desires position 
with utility company. C-9721. 


INTERNATIONAL OR DOMESTIC BUSI- 
NESS, university graduate, 31, thoroughly 
trained and experienced, seven years engineer- 
ing and business U. S. and abroad; export, 
power system planning, developments, reports, 
estimating, organizing; foreign languages: Ger- 
man, Spanish, some French. Desires connec- 
tion holding company or trade; will consider 
representing concern abroad. Available short 
notice. C-3534. 


INTERNATIONAL BUSINESS, electrical 
engineer, 30, single; citizen, college graduate 
here and abroad, widely traveled, speaks 
Scandinavian, German, fair French, some 
Russian, five years’ American engineering 
experience, power plant and substation design 
and construction. Desires permanent position 
with holding company or representating manu- 
facturer abroad. Excellent references. Per- 
eonal RNs Aes desired. Location immaterial. 


ELECTRICAL, ENGINEER, 43, married; 
twenty years’ electrical, power, and industrial 
plants experience in construction, maintenance 
of distribution and transmission lines; desires 
position with public utility or industrial plant. 
Can qualify as electrical superintendent, Used 
to handling men. Available short notice. 
Canada preferred but would consider other 
location. O-9459. 


ELECTRICAL ENGINEERING 


_ELECTRICAL - MECHANICAL ENGI- 
NEER, 24, single, graduate Cooper Union night 
school of engineéring, 1931, degree B. S. in E. BE. 
Hight years’ industrial experience including 
machine shop, mechanical, electrical design 
work; some radio and patent work. Speak 
German fluently. Desires position, vicinity of 
New York City or suburbs. Available im- 
mediately. Excellent references. O-8357. 


ELECTRICAL ENGINEER, B. 8. in E. E. 
from well-known institution, 1931, single, 22, 
available immediately. Summer experience in 
generator design, sales, and shop work. Re- 
search experience in industrial power tubes. 
Excellent. scholastic record. References fur- 
nished. Moral habits and good health. Loca- 
tion, immaterial. C-9699. 


ELECTRICAL - MECHANICAL ENGI- 
NEER, 44, married, technical university grad- 
uate. Eighteen years’ practical experience; 
design, test, operation of a-c. and d-c. motors, 
generators, contactors, relays, switches, con- 
trollers, electro-mechanical devices. Elevator 
and hoisting equipment, construction and in- 
stallation. Technical management. 
ment and production work. 
York City vicinity or East. 
mediately. B-5240. 


ELECTRICAL - MECHANICAL ENGI- 
NEER, married, graduate electrical engineer, 
New York and New Jersey professional licenses, 
15 years’ experience illumination, flood-lighting, 
wiring, service vaults, house switchboards, and 
underfloor duct for office buildings. Main- 
tenance and plant engineering work in textile, 
zinc, steel, and small parts manufacturing 
plants. Specifications, purchasing and execu- 
tive experience. B-5026. 


ASSOCIATE ELECTRICAL ENGINEER, 
37, married, twelve years with Westinghouse; 
apprentice course, sales and shop. One and 
one-half years Western Electrical Engineering 
department, writing inspection methods in- 
structions. Knowledge of oscillograph testing 
and meters. C-8817. 


MANAGER, EXECUTIVE ENGINEER, 
41, superintendent, consultant, sales engineer, 
assistant to major executive. Electrical utility 
properties, management organizations, indus- 
trials, manufacturers. Broadly trained, twenty 
years diversified responsibilities, five connec- 
tions. Demonstrated ability large projects. 
Sound economical design, construction, opera- 
tion. Extensive changeover programs, net- 
works, underground systems. Vitally energetic, 
puieican, Salary not immediate objective. 

-3963. 


ELECTRICAL ENGINEER, experienced 
also in metallurgy and electro chemistry, has 
been employed for more than six years in physi- 
research laboratories, desires similar position. 

-9034. 


1931 GRADUATE ELECTRICAL ENGI- 
NEERING, B. S. in E. E. University of Dela- 
ware, single, age 21. Special courses taken in 
physics and radio. Desires position with any 
manufacturing or engineering firm. Location, 
immaterial, opportunity and experience being 
mainfactors. Availableimmediately. C-9666. 


ELECTRIOAL ENGINEERING ASSIS- 
TANT, 26, married, college graduate, four 
years’ transmission and distribution experience 
with public utilities on design, estimates, survey, 
and evaluation. Desires connection with public 
utility engineering department. New _ York 
City preferred, but will consider any United 
States location. O-5511. 


1930 GRADUATE OF ELECTRICAL 
ENGINEERING, under the cooperative plan 
at Georgia Tech. Worked alternate months 
with public utility company in Georgia in the 
following departments: car-barn, gas, engineer~ 
ing, hydro-generation, and statistics. Since 
graduation has worked six months with trans- 
mission line construction crew. Any location. 
C-9210. 


Location, New 
Available im- 


Instructors 


ELECTRICAL ENGINEER, 36, desires 
position as professor or instructor in E. E. 
at college, university or technical school. Uni- 
versity graduate; two and one-half years’ 
instructor; two years’ machine design with 
Westinghouse; seven years’ design of electric 
power stations; competent supervisor. Corre- 
spondence invited. O-9593. 


INSTRUCTOR in design engineering. Ten 
years’ practical experience on the design, con- 
struction, installation and calculations of 
overhead distribution lines and underground 
networks. Location preferred, Southwest. 
Available at once. C-4734. 


SEPTEMBER 1931 _ 


Develop- ' 


ELECTRICAL ENGINEER, B. S. E. E.'29, » 


M.S.E.E. ‘31, leading university, eighteen 
months General Electric Test, 23, single. 
Desires to teach in technical university. Prefers 
Midwest. C-9320. 


GRADUATE ELECTRICAL ENGINEER, 
M.S. in E.E., 1931 from M.1I.T. General 
Electric Test experience. Experience in the 
design of motors and generators. Available 
Uno a sport notice. Location, immaterial. 


ELECTRICAL ENGINEER, B.S. E.E. 
degree from southern university, 1930, age 21, 
single. Desires position with manufacturing 
concern offering a future, or as instructor in 
electrical engineering. Location, immaterial. 
Available at once, O-9607. 


ELECTRICAL ENGINEER, college gradu- 
ate, advance studies, 29, married, Westinghouse 
training. Six years’ experience as designer 
of electrical circuits and mechanical details of 
contro] apparatus. All kinds of control appara- 
tus, specializing on elevators. Qualified for 
responsible position. Location, immaterial. 
Available on short notice. O-9638. 


_ ELECTRICAL ENGINEER, teacher, mar- 
ried, university graduate. Four years instructor 
in state university; five years in testing and 
design departments of operating company; six 
years with consulting engineering firm in central 
station design; eight years with engineering and 
management corporation, five years as assistant 
eee engineer. Available on short notice. 


METER OR TESTING ENGINEER, 29, 
B.S. in E.E., honors, standard university. 
Ten years’ experience; utilities, standardization, 
meter, transmission, plant departments. 
Started reading meters. One year sales engi- 
neer, large instrument manufacturer. Good 
records and references. Qualified for industrial 
or utility construction, testing, or operation. 
Location immaterial. Will travel. Available 
immediately. C-9667. 


ASSISTANT PROFESSOR OR INSTRUC- 
TOR, Cornel) graduate, diversified practical 
work, two and one-half years’ teaching experi- 


IN ea Bes BS 


ence. Thoroughly familiar with present day 
practise in mechanical and electrical equipment 
for industrial and power work. A-3702, 


ELECTRICAL ENGINEER, M.S. 1931 
from M. I. .T., 23, single. Summer experience 
with American Tel. and Tel. Company. Desires 
position with electrical company preferably in 
research laboratory or as instructor in E. E 
mathematics, or physics. Available immedi- 
ately. Location, East or Middle West. C-9674. 


POSITION AS INSTRUCTOR OR AS- 
SISTANT PROFESSOR in technical school 
for E. E. wanted. Age 28, degrees of S. B. 8S. M. 
in electrical engineering. Can handle classes 
in any phase of work relating to power plants, 
substations, radio distribution, or transmission. 
East preferred. Employed at present. C-5744. 


GRADUATE ELECTRICAL ENGINEER, 
class 1926, Columbia, age 28, married. Prac- 
tical experience with power company and 
telephone company. One year as laboratory 
assistant in electrical classes and three years as 
instructor in evening classes in college mathe- 
matics have aroused a sincere desire to make 
teaching life work, as instructor in E. E. mathe- 
matics, or physics. O-9308. 


RELAY, CONTROL ENGINEER. _ 30, 
McGill graduate. Have done responsible en- 
gineering work planning relay applications, 
protective circuits, automatic, supervisory con- 
trols. Thoroughly familiar, equipment large 
generating, substations, use of laboratory 
facilities, field engineering methods. Valuable 
experience, communication circuits, amplifiers, 
photoelectric cells, maintenance of highest 
standards in their circuits. Proved ability in 
personal contact. Location, Canada. C-4668. 


1929 ELECTRICAL DESIGN ENGINEER, 
24, B. S. degree technical school. One year 
Westinghouse student course. Motor, trans- 
former, turbo test experience. One year large 
synchronous motor design. Six months West- 
inghouse electrical design school. Desires 
position; design, research, development work, 
manufacturing company, or engineering de- 
partment power company. Single with de- 
pendents. Location, immaterial. References. 
Available immediately. C-9410. 


Recommended 
for Transfer 


The board of examiners, at its meeting of 
July 29, 1931, recommended the following mem-= 
bers for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the national 
secretary. 


To Grade of Fellow 
BURKHOLDER, CHARLES LI., 
Duke Power Co., Charlotte, N.C. 


CREIM, BENJAMIN W., chief elec. engr., 
Modesto Irrigation District, Modesto, Calif. 


vice-pres., 


To Grade of Member 


ALLEN, CLAYTON M., junior elec. eng., 
Dept. of Water and Power, Los Angeles, 
Calif. 

BEAR, FRED T., elec. engr., Delaware Pr. & 
Light Co., Wilmington, Del. 

BRAUN, ELMER H., junior engr., N. Y. & 
Queens Elec. Lt. & Pr. Co., Flushing, N. Y. 

BUCK, O. KENDALL, supervising power 
salesman, Dept. of Water and Power, 
Los Angeles, Calif. 

CRANE, CARL C., substation engr., Northern 
Indiana Public Service Co., Hammond, 
Indiana, 


DAVIS, ARTHUR L., asst. gen’l. supt., 
Western Massachusetts Companies, Turn- 
ers Falls, Mass. 

DORMER, WILLIAM J. S., division toll-plant 
engr., Bell Telephone Co. of Canada, 
Montreal, Can. 

DUNCAN, JAMES A., research engr., Brook- 
lyn Edison Co., Inc., Brooklyn, N. Y. 
EITMAN, JOSEPH F., design engr., General 

Electric Co., Fort Wayne, Indiana. 

HARRIS, HIRAM D., instructor in E. E. and 
physics, Rensselaer Polytechnic Institute, 
Troy, N.Y. 

HOLLADAY, WM. L., engg. mgr., The George 
Belsey Co. Ltd., Los Angeles, Calif. 

KATZMAN, JACOB, elec. engr., 
Clock Corp., New York. 


Dubilier 


LEE, Jr., STEWART, engg. dept., N. Y. 
Shipbuilding Co., Camden, N. J. 
MOORE, LEONARD J., exec. engr., San 


Joaquin Lt. and Pr. Corp., Fresno, Calif. 

MORGAN, THEODORE H., asst. prof. of 
E. E., Stanford University, Stanford 
University, Calif. 

MOSER, FRED L., supt. of maintenance, 
Duke Power Co., Charlotte, N. C. 

NAEF, OTTO, consulting engr., American 
Brown Boveri Co. Inc., Camden, N. J. 

POLKINGHORN, FRANK ALLEN, member 
of tech. staff, Bell Telephone Laboratories 
Inc., New York. 

RICHARDSON, HARVEY R., laboratory 
engr., Brooklyn Edison Co. Inc., Brooklyn, 
N.Y 
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SCHULZE, RAYMOND C. R., assistant engr., 
Public Service Elec. & Gas Co., Newark, 


Coleman, G. G., The Chesapeake & Potomac 
Tel. Co., Washington, D. OC. 


Sanford, R. V. (Member) Tucson Gas, Elec. 
Lt. & Pr. Co., Tucson, Ariz. 


N. J. Cook, J. F., Jr., R. C. A. Victor Co., Jamaica gharp, R. E. B., (Member), J. P. Morris & 
SHADGETT, LAURENCE M., supt. whole- Plain, Mass. : 7 De La Vergne, Inc., Philadelphia, Pa. 
sale operations, Georgia. Power Oo., Cruickshank, J. P., Appalachian Wlovirie Fowc’ > Stoll Ga M.N)d -Bellimelep nove: Aa ue 


Atlanta, Ga. 
SHARP, HUBERT, transmission engr,, Moun- 
tain States Tel. & Tel. Co., Denver, Colo. 
SMITH, HUGH L., engr., General Electric Co., 
New York. 


Co., Huntington, W. Va. 

Fricker, W. R., Canadian Westinghouse Co., 
Ltd., Regina, Sask., Can. 

Hipp, R., Jr., Broad River Power Co., Pomaria, 
So. Car. 


Park, N. J. 


Thorne, E. C., Southern Canada Power Co., 
Drummondville, Que., Can. 


Tingley, F. T. (Member) Clemson College, 


TUCKER, WILMER H., elec. engr., The Inkster, O., Saskatchewan Power Commission, Clemson College, So. Carolina. 

Hoover Co., North Canton, Ohio. Regina, Sask., Canada Valverde, R., Valverde Laboratory, New York, 
WALSH, HOWARD A., field engr., Doble Ireland, G. (Member) American Tel & Tel. Co., N.Y. 

Engineering Co., Boston, Mass. New York, N. Y. von 'Turfis “Ho Montana Power Ooe, Bozeman: 
WOODS, JOHN C., designer, Commonwealth Jastram, R., Star Electric Motor Co., Newark, Mont. i: 


Edison Co., Chicago, Ill. 


Applications 
for Election 


ING Je 

Kurdy, 8. M., Automobile Laundry Engineer- 
ing Corp., Newark, N. J. 

Levoy, L. G., Jr., General Electric Co., Schenec- 
tady, N. Y. 

Lytle, C. M., Kansas City Pr. 
Kansas City, Mo. 

Maessen, F. T., 412 City-Central Bldg., San 


& Lt. Co., 


Winkler, S. C. (Member) Los Angeles Junior 
College, Los Angeles, Calif. 


Wright, R. B., United Electric Lt. & Pr. Co., 
New York, N. Y. 


Wyman, A. W., Warren Telechron Co., Ash- 
land, Mass. 


31 Domestic 


Antonio, Tex. 
Applications have been received by the sec- Merrill, C. B., Bell Tel. Co. of Pa., Pittsburgh, 
retary from the following candidates for election Pa, Foreign 


to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before September 30, 1931. 


Bantau, J. W., Paramount Publix Corp., 


Moscato, F., Automatic Musical Inst. Co. of 
Grand Rapids, Mich., Central Park, L. I., 
New York. 

Murphy, P. J., Dept. of Public Works, Esson- 
dale, B. C., Can. 

Porter, F. C., United Elec. Lt. & Pr. Co., 
New York, N. Y. 

Rees, J. B. (Member) American Tel. & Tel. Co., 
New York, N. Y. 


Gillett, J. K. (Member) Metropolitan-Vickers 
Elec. Co., Trafford Park, Manchester, 
England 

Stratten, T. P., DeBeers Cons. Mines, Ltd., 
Kimberley, S. Africa 

Ratnam, G. M., Chola Power House, Dist. 
Thana, Bombay, India 


Thomson, L. P., Estacion Lacroze, Buenos 


Los Angeles, Calif. Roberts, W. N., Box 15, Woodside, L. I., N. Y. Aires, S. A. 
Benson, A., Oklahoma A. & M. College, Still- Rosenberger, G. L., Virginia Public Service Co., 
water, Okla. Alexandria, Virginia 4 Foreign 


September 1931 


Order Form for Pamphlet Copies of A. I. E. E. Papers* 


All papers presented at the 1931 Pacific Coast Convention 


Number Author Title 

[] 31-122 ©.0.Campbelland H.N. Kalb............. Radio Coordination 

(golem 23 eeO Hellaonussonny.< casas tee saan ne re The Kindling of Electric Sparkover 

a RS We 24 SEs Sli llinge ere a cee codes co tus a settee Tuned Power Lines 

C 31-125 E.M.Calderwood and D.F. Smith.......... The San Francisco-Los Angeles Section of The Pacific Coast Telephone Cable 
Networks 

im Polat 26ers Dm Llovicduandilie kyr) unparea- ire cee Calorimeter Measurement of Stray-Load Losses of 55,000-Kva. Generator Having 
Enclosed System of Ventilation 

MPsial2z7e et He Purcellsandi©sAn Powel a. c0. on. ok Tie-Line Control of Interconnected Networks 

estat 2Smec On Halland) JeeBeauseluogues sivas Hlectrical Equipment for Oil-Field Operation 

[ST] BRP Uist Bid Sb Les leon ae, sport A VE mare aA Intercontinental Radiotelephone Service from the United States 

(ole t sO mmererAr Orollinnen. wm ete raceme cision theta Cee The Mokelumne River Development 

[] 31-131 EH. M. Wright and B. D. Dexter............ Power Transmission and Distribution From the Mokelumne River Development 
of the Pacific Gas and Electric Company 

[] 31M1 C. E. Carey and K. L. Howe...............Electric Power in the Wood-Products Industry 

[] 31M2 Shy 185.4 OI ET el leet oe, A aint CRN ROMP irae kh Me A-C, Networks in Portland, Oregon 

[_] 31M3 GRE AGLOOI erates otk rata eee ies ... Electrical Solutions of Problems of Regular Scheduled Flight 

{_] 31M4 er ee OATOMam sess era fattest as ANN an Ne Snow Surveys and Hydro-Forecasting 

[.] 31M5 Se Via CKCO WI me mminrere, del cia areder oh Gils tet cue Cathode Drop in Arcs and Glow Discharges 

[_] 31M6 ALi ALDOLO AIAG IW.) RUE UULLIS  cuyiereiee ast ere ati Electrical Measurements of Sound-AbsorPtion 

[] 31mMz Via IN OV EL OOV OL secs ariel neh ie ave Sites Oe Correlation of Induction Motor Design Factors 

Papers presented prior to September 1931 upon which articles in this issue are based 

Number Author Title 

[] 31-25 Philip Sporn and H. P. St. Clair.............Oil Circuit Breaker Tests—Philo 1930, Aims, Set-up and Results From a System 
and Operating Viewpoint 

[_] 31-26 Rea. Spurckjandshl, BE. Strang............. Circuit-Breaker Field Tests on Standard and Oil-Blast Explosion Chamber Oil 
Circuit Breakers 

[] 31-27 BSE PACK ONS Ha. ct akncs ate =. <i5, 4-5 + mee eae ee Inclined-Catenary Calculations 

[_] 31-39 Riv eBore yall sient trees epuders «, aneeaeohe Series Resistance Methods of Increasing Transient Stability Limits 

[] 31-51 N. F. Clement and E. E. Richards.......... Design of Catenary System for Cleveland Union Terminal 

[53s 2% Mabey Chrifti this da tor oh nkuects sisctese os autcesstn ec agees Telegraph Power Plants 

*Members, Enrolled Students, and subscribers are Namen Sie? 

entitled to one pamphlet copy of any paper in this Oye O16 B 8 OO) BO) Oye er “a 88 ne. Oyo, eel ® (@ ce, 9. 8 Site: 6 610. e.sel es ey m0 celehuihiiey tye. ul inulelianas) full olig Mbelniee 

list if requested within one year from above date. 

Thereafter a charge of twenty-five cents per copy 

will obtain. PANG (68 0o\- 0 eee eee Oe Se aoe |S Peery ewe 


Please order papers by number. Address Order Department A. I. E. E., 33 West 39th Street, New York, N. Y. 
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Officers and CS eee for 1931-32 


President 


(Term expires July 31, 1932) 
C. E. SKINNER 


Junior Past-Presidents 


(Term expires July 31, 1932) 
HAROLD B. SMITH 


(Term expires July 31, 1933) 
W. S. LEE 


Vice-Presidents 
(Terms expire July 31, 1932) 


H. V. CARPENTER (District No. 9) 
~G. OC. SHAAD (District No. 7) 
I. E. MOULTROP (District No. 1) 
H.P.CHARLESWORTH (District No. 3) 
T. N. LACY (District No. 5) 


(Terms expire July 31, 1933) 


A. W. COPLEY (District No. 8) 
W. B. KOUWENHOVEN (District No. 2) 
W. E. FREEMAN (District No. 4) 
P. H. PATTON (District No. 6) 
L. B. CHUBBUCK (District No. 10) 


Directors 
(Terms expire July 31, 1932) 
J. ALLEN JOHNSON 
A. M. MacCUTCHEON 
= A. E. BETTIS 


(Terms expire July 31, 1933) 
J. E, KEARNS 
F. W. PEEK, JR. 
Cc. E. STEPHENS 


(Terms expire July 31, 1934) 
A. B. COOPER 
A. E. KNOWLTON 
R. H. TAPSCOTT 


(Terms expire July 31, 1935) 
L. W. CHUBB 
H. KR. WOODROW 
B. D. HULL 


National Treasurer 


(Term expires July 31, 1932) 
W. I. SLICHTER 


National Secretary 


(Term expires July 31, 1932) 
F. L. HUTCHINSON 


General Counsel 
PARKER & AARON 
20 Exchange Place, New York, N. Y. 


Local Honorary Secretaries 
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, 
Argentina, S. A. 


H. W. Flashman, Aus. Westinghouse Elec. Co., 
Ltd., Cathcart House, 11 Castlereagh St., 
Sydney, N. S. W., Australia. 


F. M. Servos, Rio de Janeiro Tramways Lt. & 
Pr. Co., Rio de Janeiro, Brazil, S. A. 


A. P. M. Fleming, Metropolitan Vickers Elec. 
Co., Trafford Park, Manchester, England. 
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A. S. Garfield, 173 Boulevard Haussmann, 
Paris (8e), France. 


B. C. Battye, Punjab P. W. D., Hydroelectric 
Branch, Kapurthala House, Lahore, India, 


Renzo Norsa, Via Caravaggio 1, Milano 25, 
Italy. 


P. H. Powell, Canterbury College, Christchurch, 
New Zealand, 


M. A. Chatelain, Polytechnical Institute, 
Apt. 27, Leningrad, Sosnowka 1-3, U. 8S. 
S. R. 


A. F. Enstrom, Ingeniorsvetenskapsakademien, 
Stockholm, 5, Sweden. 


W. Elsdon-Dew, P. O. Box 4563, Johannesburg, 
Transvaal, Africa. 


GENERAL COMMITTEES 


Executive Committee 


C. E. Skinner, Chairman, Westinghouse Elec. 
& Mfg. Co., East Pittsburgh, Pa. 
H. P. Charlesworth, F, W. Peek, Jr., 
J. A. Johnson, W. I. Slichter, 
W. S. Lee, C. E. Stephens. 


Board of Examiners 


H. Goodwin, Jr., Chairman, 601 Franklin 
Bldg., Philadelphia, Pa. 
H. E. Farrer, Secretary, 33 W. 39th St., New 


SViOTK Name 
H. A. Currie, R. H. Marriott, 
H. W. Drake, L. W. W. Morrow, 
S. P. Grace, A. L. Powell, 
H. A. Kidder, W. R. Smith, 
F. V. Magalhaes, S. D. Sprong, 


R. H. Tapscott. 


Finance Committee 


C. E. Stephens, Chairman, Westinghouse Elec. 
& Mfg. Co., 150 Broadway, New York, 
INOS, 


H. P. Charlesworth, R. H. Tapscott, 
Publication Committee 


E. B. Meyer, Chairman, 80 Park Place, Newark, 
Ned: 

F. A. Lewis, Secretary, 33 W. 39th St., New 
VorkvNe Yi: 


W. S. Gorsuch, 
W. H. Harrison, 


F. L. Hutchinson, 
H. R. Woodrow. 


Meetings and Papers Committee 

W. H. Harrison, Chairman, Am. Tel. & Tel. 
Co., 195 Broadway, New York, N. Y. 

C. S. Rich, Secretary, 33 W. 39th St., New 


Works Y% 
V. Bush, W. B. Kouwenhoven, 
W. 8S. Gorsuch, Paul MacGahan, 


T. A. Worcester 
Ex-officio 
Chairman of Committee on Coordination of 
Institute Activities. 
Chairman of Technical Committees. 


Sections Committee 
EH. S. Lee, Chairman, General Electric Co., 
Schenectady, N. Y. 
W. B. Kouwenhoven, 
G. H. Quermann, 


I. M. Stein, 

W. H. Timbie. 
Ex-officio 

Chairmen of Sections, 


Membership Committee 


R. L. Kirk, Chairman, Duquesne Light Co.. 
Pittsburgh, Pa. 


E. P. Coles, C. H. Kline, 
BG: Grat; J. A. Koontz, 
J. Harrison, T. G. LeClair, 
V.L. Hollister, D. W. Proebstel, 
J. A. Johnson, I. M. Stein, 
E. M. Wood. 
Ex-officio 


Chairmen of Section membership committees, 


Law Committee 
W.S. Gorsuch, Chairman, 600 West 59th Street, 
New York, N. Y. 
C. O. Bickelhaupt, 
H. A. Kidder, 


E. B. Meyer, 
W. I. Slichter. 


Committee on 
Coordination of Institute Activities 


H. P. Charlesworth, Chairman, 463 West Street, 
New York, N. Y. 
W. 8S. Gorsuch, 
W. H. Harrison, 
F, L. Hutchinson, 


E. S. Lee, 
E. B. Meyer, 
C. E. Stephens. 


Committee on Student Branches 


W. H. Timbie, Chairman, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 


W. E. Freeman, C. F. Scott, 
F. O. McMillan, W. J. Seeley. 
Ex-officio 


Student Branch Counselors. 


Headquarters Committee 


R. H. Tapscott, Chairman, New York Edison 
Co., 4 Irving Place, New York, N. Y. 


F. L. Hutchinson, C. E. Stephens. 


Public Policy Committee 


B. Gherardi, Chairman, Am. Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 


C. C. Chesney, F. Osgood, 
F. B. Jewett, H. J. Ryan, 
W. S. Lee, R. F. Schuchardt. 


Standards Committee 
A. M. MacCutcheon, Chairman, Reliance Elec- 
tric & Engineering Co., 1088 Ivanhoe Road, 
Cleveland, Ohio. 
H. E. Farrer, Secretary, 33 W. 39th St., New 


York. Noy 
A. B. Cooper, V. M. Montsinger, 
J. KE. Goodale, F. D. Newbury, 
C. R. Harte, L. T. Robinson, 


J. F. Meyer, W. I. Slichter. 

Ex-officio 

Chairmen of Working Committees. 

Chairmen of A. I. E. E. delegations and rep- 
resentatives on other standardizing bodies. 

President of U.S. National Committee of I. E. C. 


Edison Medal Committee 
Appointed by the President for term of five years. 
(Terms expire July 31, 1932) 

H. P. Charlesworth, P. M. Lincoln, 
C. E. Stephens. 


(Terms expire July 31, 1933) 
D.C. Jackson, Chairman. 
C.F. Harding, F. A. Scheffler. 
(Terms expire July 31, 1934) 


L. W. W. Morrow, W.S. Rugg, 
R. F. Schuchardt. 


(Terms expire July 31, 1935) 
C. 1. Burkholder, F. A. Gaby, 
H. J. Ryan. 


ma art 


(Terms expire July 31, 1936) 
E. B. Meyer, L. T. Robinson, 
P. H, Thomas. 


Appointed by the Board of Directors from its own 
membership for term of two years. 


(Terms expire July 31, 1932) 
A. E. Knowlton, H. B. Smith, 
R. H. Tapscott. 


(Terms expire July 31, 1933) 
J. E. Kearns, W.S. Lee, 
F, W. Peek, Jr. 


Ex-officio 
(Terms expire July 31, 1932) 
C. E. Skinner, President, 


W. I. Slichter, National Treasurer, 
F. L. Hutchinson, National Secretary. 


Lamme Medal Committee 
(Terms expire July 31, 1932) 
C. C, Chesney, Chairman. 
H. P. Charlesworth, R. B. Williamson. 
(Terms expire July 31, 1933) 


R. D. Mershon, J. C. Smith, 
P. H. Thomas. 


(Terms expire July 31, 1934) 
B. A. Behrend, A. M. Dudley, 
J.C. Parker. 


Committee on 
Code of Principles of Professional 
Conduct | 


R. F. Schuchardt, Chairman, 72 West Adams 
Street, Chicago, Il. 
A. H. Babcock, 
G. Faccioli, 
F. B. Jewett, 


W. E. Mitchell, 
C. E. Stephens, 
J. B. Whitehead. 


Committee on 
Award of Institute Prizes 
W. H. Harrison, Chairman, Am, Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 
L. W. Chubb, A. E. Knowlton, 
E. B. Meyer. 


Committee on Safety Codes 
J. C. Forsyth, Chairman, New York Board of 
Fire Underwriters, 85 John Street, New 
Works Nv 
A. W. Berresford, 
L. B. Chubbuck, 


Wills Maclachlan, 
F. V. Magalhaes, 


J. F, Fairman, J. D. Noyes, 

H. B. Gear, F. A. Pattison, 

F. D. Knight, H. R. Sargent, 

M. G. Lloyd, Frank Thornton, 
H. S. Warren. 


Committee on 
Columbia University Scholarships 


W. I. Slichter, Chairman, Columbia University, 
New York. 


F. Blossom, H. C. Carpenter. 


Committee on 
Legislation Affecting the Engineering 
Profession 


H. A. Kidder, Chairman, 600 West 59th Street, 
New York, N. Y. 


J. P. Alexander, J. C. Parker, 
T. F. Barton, J. R. Price, 
B. M. Brigman, H. S. Sands, 
H. P. Charlesworth, M. R. Scharff, 
L, F. Leurey, H. H. Schoolfield, 
L. W. W. Morrow, W. I. Slichter, 
J. B. Thomas. 


Committee on the 
Economic Status of the Engineer 


C. O. Bickelhaupt, Chairman, Am. Tel. & Tel. 
Co., 195 Broadway, New York, N. Y. 


W. S. Lee, W. S. Rugg, 
E. W. Rice, Jr., C. F. Scott. 
Ti2 


Advisory Committee to the ; 
Museum of Science and Industry in the 
City of New York 


J. P. Jackson, Chairman, New York Edison Co., 
4 Irving Place, New York, N. ¥. 


C. O. Bickelhaupt, R. H. Nexsen. 


Committee on 
Popular Science Award 


F. W. Peek, Jr., Chairman, General Electric Co., 
Pittsfield, Mass. 


W. H. Harrison, C, E. Stephens. 


TECHNICAL COMMITTEES 


Automatic Stations 


D. W. Taylor, Chairman, United Engineers & 
Constructors, Inc., 80 Park Place, Newark, 


N. J. 

F. F. Ambuhl, Cc. A. Mayo, 

L. D. Bale, I. E. Moultrop, 
C. W. Colvin, M. E. Reagan, 

C. ¥. Craig, O. J. Rotty, 

A. M. Garrett, Garland Stamper, 
Joseph Hellenthal L. J. Turley, 
Chester Lichtenberg, F. Zogbaum. 

Communication 


H. S. Osborne, Chairman, Am. Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 


H. M. Bascom, G. A. Kositzky, 


E. L. Bowles, C. J. Larsen, 
W. H. Capen, John Mills, 
A, A. Clokey, J. W. Milnor, 
R. N. Conwell, E. J. O’Connell, 
C. F. Craig, Frederick A. Raymond, 
B. R. Cummings, H. A. Shepard, 
I. C. Forshee, Emmett R. Shute, 
D. H. Gage, A. L. Stadermann, 
B. D. Hull, C. H. Taylor, 
G. M. Keenan, H. M. Turner, 

F. A. Wolff. 

Education 


R. E. Doherty, Chairman, Yale University, 
New Haven, Conn. 


R. W. Adams, H. E. Dyche, 
M. W. Alexander, O. W. Eshbach, 
E, W. Allen, QO. J. Ferguson, 
J. W. Barker, H. H. Henline, 
Edward Bennett, A. H. Lovell, 
P. S. Biegler, H. W. Price, 
H. V. Carpenter, W. T. Ryan, 
C. 8. Coler, G. B. Thomas, 
C. R. Dooley, W. H. Timbie, 


W. E. Wickenden. 


Electrical Machinery 


P. L. Alger, Chairman, General Electric Co., 
Schenectady, N. Y. 


B. L, Barns, A.M. MacCutcheon, 
E. 8S. Bundy, O. K. Marti, 

H. E. Edgerton, V.M. Montsinger, 
J. E. Goodale, E. L. Moreland, 
T. T. Hambleton, R. W. Owens, 

A. L. Harding, R. H. Park, 

OC. F. Harding, E. B. Paxton, 

E. W. Henderson, H. V. Putnam, 

S. L. Henderson, K. A. Reed, 

L, F. Hickernell, A. M. Rossman, 
J. A, Jobnson, O. E. Shirley, 

J. J. Linebaugh, R. G. Warner, 

H. C. Louis, C. A. M. Weber, 


R. B. Williamson. 
Electric Welding 


P. P. Alexander, Chairman, General Electric 


Co., River Works, West Lynn, Mass. 


C. A. Adams, J. E. Kearns, 

A. M. Candy, J.C. Lincoln, 

Alexander Churchward, Ernest Lunn, 

F, Creedy, F. C. Owen, 

8S. Dushman, J. Slepian, 

K. L. Hansen, W. Spraragen, 

H. M. Hobart, H. E. Stoddard, 

R. G. Hudson, H. W. Tobey, 
G. H. Winkler. 


Electrochemistry and 
Electrometallurgy 


(To be appointed) 
Electrophysics 
V. Bush, Chairman, Mass. Inst. 
Cambridge A, Mass. 


of Tech., 


O. E. Buckley, G. M. J. Mackay, 
W. G. Cady, S. S. Mackeown, 
W. F. Davidson, | _K., B. McEachron, 
L. O. Grondahl, L. W. McKeehan, 
W. B. Kouwenhoven, H. Nyquist, 
B. E. Lenehan, ‘J. Slepian. 

W. C. White.’ 


Liaison Representatives of American Physical 
Society ». 


Prof. Leigh Page, Dr. W. F. G. Swann, 
General Power Applications 


C. W. Drake, Chairman, Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 


A. H. Albrecht, H. A. Maxfield, - 


EAS Armstrong, John Morse, 
James Clark, Jr., N. L. Mortensen, 
J. F. Gaskill, A.M. Perry, 
John Grotzinger, D. M. Petty, 

T. Hibbard, H. W. Rogers, 
Fraser Jeffrey, L. D. Rowell, 


A. M. MacCutcheon, W. K. Vanderpoel, 
M. R. Woodward. 


Instruments and Measurements 


E. J. Rutan, Chairman, New York Edison Co., 
92 Vandam Street, New York, N. Y. 


H. S. Baker, O. A. Knopp, 

O. J. Bliss, A. E. Knowlton, 

P. A. Borden, H. C. Koenig, 

H. B. Brooks, W.B. Kouwenhoven, 

A, L. Cook, F, A. Laws, 

E. D. Doyle, E. S. Lee, 

W. W. Eberhardt, J. B. Lunsford, 

Marion Eppley, Paul MacGahan, 

J. B. Gibbs, R. T. Pierce, 

W. N. Goodwin, Jr., W. J. Shackelton, 

I. F. Kinnard, H. L. Thomson, 
H. M. Turner. 


Applications to Iron and Steel Production 


A. C. Cummins, Chairman, Carnegie Steel Co., 
Duquesne, Pa. 


F. B. Crosby, F. O. Schnure, 
Wray Dudley, W. B. Shirk, 
J. E. Fries, G. E. Stoltz, 
S. L. Henderson, T. S. Towle, 
A. M. MacCutcheon, H. A. Winne. 


Production and Application of Light 
W. T. Blackwell, Chairman, 80 Park Place, 


Newark, N. J. 

J. W. Barker, C. L. Kinsloe, 
A. E. Bettis, R. D. Mailey, 
H. 8S. Broadbent, G. 8S. Merrill, 
J. M. Bryant, P. S. Millar, 
W. T. Dempsey, P. H. Moon, 

EK. E. Dorting, C. M. Moss, 

IL. A. Hawkins, R. E, Simpson, 
H. H. Higbie, G. H. Stickney. 


Applications to Marine Work 


R. A. Beekman, Chairman, General Electric 
Co., Schenectady, N. Y. 


E. C. Alger, G. A. Pierce, 

H, C. Coleman, W. H. Reed, 

E. M. Glasgow, P. Slack, 

H. F. Harvey, Jr., H. M. Southgate, 
C. J. Henschel, W.E. Thau, 

W. Hetherington, Jr., John Van der Dussen, 
H. L. Hibbard, A. E. Waller, 

J. EK. Kearns, O. A. Wilde, 

A. Kennedy, Jr., J. L. Wilson, 

J. B. Lunsford, R. L. Witham, 

I. H. Osborne, W.N. Zippler. 


ELECTRICAL ENGINEERING 


Applications to Mining Work 


D. E. Renshaw, Chairman, Westinghouse Elec. 
& Mfg. Co., East Pittsburgh, Pa. 


A. R. Anderson, 
Graham Bright, 
J. H. Edwards, 

E. J. Gealy, 

L. C. Isley, 

J. E. Kearns, 


Carl Lee, 

W. H. Lesser, 

C. W. Parkhurst, 
F, L. Stone, 

J. F. Wiggert, 

C. D. Woodward. 


Power Generation 
J. R. Baker, Chairman, 1611 Lexington Build- 


ing, Baltimore, Md. 


F. A. Allner, 
F. A. Annett, 
D. S. Brown, 
A. Carnegie, 
H. E. Clifford, 
J. B. Crane, 
B. D. Dexter, 
R. D. DeWolf, 
W. P. Dryer, 
N. E. Funk, 
W. S. Gorsuch, 
F. C. Hanker, 


Arthur R. Smith. 


Power Transmission and Distribution 


P. H. Chase, Chairman, Philadelphia Electric 
Co., 900 Sansom Street, Philadelphia, Pa. 
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ydney Alling, 

. J. Amberg, 
E. Andrews, 
B. Campbell, 
V. Christie, 

. N, Conwell, 
E. Davison, 
C. Dean, 

L. Elden, 

. D. Evans, 

. M. Farmer, 
dwin Hansson, 
. A. Hawley, 

. F. Hickernell, 
. ©. Jackson, Jr., 
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J. P. Jollyman, 
A. H. Lawton, 
I. E. Moultrop, 
L. L. Perry, 

T. F. Peterson, 
D. W. Roper, 

A. E. Silver, 

D. M. Simmons, 
C, T. Sinclair, 
L. G. Smith, 

A. H. Spencer, 
Philip Sporn, 
W. K. Vanderpoel, 
C. F. Wagner, 
H. 8. Warren, 


T. A. Worcester. 


Protective Devices 
Raymond Bailey, Chairman, Philadelphia Elec- 


tric Co., 900 Sansom Street, Philadel- 
phia, Pa. 
G. O. Bason, D. M. Petty, 
A. W. Copley, H. J. Scholz, 
S. L. Goldshorough, H. K. Sels, 
R. T. Henry, Wm. Shuler, 
E. A. Hester, H. P. Sleeper, 
L. F. Hickernell, L. G. Smith, 
T. G. LeClair, E. R. Stauffacher, 
J. B. MacNeill, H. R. Summerhayes, 
J. P. McKearin, O. C. Traver, 
H. A. McLaughlin. E. M. Wood, 
H. B. Wood. 
Research 


L. W. Chubb, Chairman, Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh Pa. 


H. D. Arnold, 
Edward Bennett, 
W. G. Cady, 

E. H. Colpitts, 
E. C. Crittenden, 
W. F. Davidson, 
W. P. Dobson, 
F. M. Farmer, 
Vv. Karapetoff, 


A. E. Kennelly, 
J. K. McNeely, 
F. W. Peek, Jr., 
H. H. Race, 

C. W. Rice, 

D. W. Roper, 

T. Spooner, 

J. B. Whitehead, 
R. J. Wiseman. 


Transportation 


E. L. Moreland, Chairman, Jackson and More- 
land, 31 St. James Avenue, Boston, Mass. 


Reinier Beeuwkes, 
A. E. Bettis, 
H. A. Currie, 
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H. Parodi, 

W. B. Potter, 

R. H. Rice, 

S. A. Spalding, 

N. W. Storer, 
W.M. Vandersluis, 
R. P. Winton, 
Sidney Withington, 
G. I. Wright. 


INSTITUTE REPRESENTATIVES 


Aeronautic Radio Research, Liaison 
Committee on 
Ray H. Manson. 


Alfred Noble Prize Committee 
A. E. Knowlton. 


American Association for the 
Advancement of Science Council 
L. M. Klauber, C. E. Skinner. 


American Bureau of Welding 
H. M. Hobart. 


American Committee on Electrolysis 


B. J. Arnold, N. A. Carle, 


F. N. Waterman. 


American Engineering Council 
Assembly 


A. W. Berresford, I. E. Moultrop, 
*C. O. Bickelhaupt, Farley Osgood, 

F. J. Chesterman, W.S. Rodman, 
M. M. Fowler, *R. F. Schuchardt, 
F. L. Hutchinson, *Charles F. Scott, 
*H. A. Kidder, *C, E. Skinner, 
W. S. Lee, Harold B. Smith, 
William McClellan, C. E. Stephens, 
L. F. Morehouse, L. B. Stillwell. 


*Representatives on Administrative Board. 


American Marine Standards 
Committee 
R. A. Beekman. 


American Standards Association 
Board of Directors 


B. Gherardi. 


Council 


¥. D. Newbury, John C. Parker, 
L. T. Robinson. 


Alternates 
H. H. Henline, H. M. Hobart, 
H. S. Osborne. 


American Year Book, Advisory Board 
Henry H. Henline. 


Charles A. Coffin Fellowship and 
Research Fund Committee 
C. E. Skinner. 


Committee of Apparatus Makers and 
Users, National Research Council 
L. T. Robinson, 


Committee on Elimination of Fatigue, 
Society of Industrial Engineers 
©. Francis Harding. 


Committee on Heat Transmission, 
National Research Council 
T. 8S. Taylor. 


Electrical Standards Committee, 
A. S. A. 


H. P. Charlesworth, F. D. Newbury, 
L. T. Robinson. 


Engineering Foundation Board 
©. E. Skinner, W. I. Slichter. 


Engineering Societies Monographs 
Committee 


E. B. Meyer, W. I. Slichter. 


Hoover Medal Board of Award 


Gano Dunn, F. B. Jewett, 
E. W. Rice, Jr. 


John Fritz Medal 


Bancroft Gherardi, 
W. S. Lee, 


Board of Award 


R. F. Schuchardt, 
Harold B. Smith. 


Joint Committee on Welded Rail 
Joints 
D. D. Ewing. 


Joint Conference Committee of 
Founder Societies _ 
The Presidents and Secretaries, ex-officio. 


Library Board, 
United Engineering Trustees, Inc. 


W.S. Barstow, F. L. Hutchinson, 
W. A. Del Mar, W. B. Jackson, 
W. I. Slichter. 


National Fire Protection Association, 
Electrical Committee 


J. C. Forsyth, F. V. Magalhaes, 
Alternate. 


National Fire Waste Council 
J. C. Forsyth, F. V. Magalhaes. 


National Research Council, 
Engineering Division 
H. P. Charlesworth, F. W. Peek, Jr., 
C. E. Skinner. 
F. L. Hutchinson, ex-officio. 


National Safety Council, 
A. S. S. E.—Engineering Section 
J. C. Forsyth. 


Radio Advisory Committee, 
Bureau of Standards 
A. E. Kennelly. 


United Engineering Trustees, Inc., 
Board of Trustees 


H. P. Charlesworth, H. A. Kidder, 
G. L. Knight. 


U. S. National Committee of the 
International Commission on 
Illumination 


A. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 


U. S. National Committee of the 
International Electrotechnical 


Commission 
L. F. Adams, William McClellan, 
E. W. Allen, J. F. Meyer, 
James Burke, H. S. Osborne, 


W. A. Del Mar, 
Gano Dunn, 


Farley Osgood, 
F. W. Peek, Jr., 


F, C. Hanker, Harold Pender, 
C. R. Harte, L. T. Robinson, 
H, M. Hobart C. H. Sharp, 
D. C. Jackson, ©. E. Skinner, 
F. B. Jewett, W. I. Slichter, 
A. E. Kennelly, CO. E. Stephens 
A. M. MacCutcheon (ex-officio), 

(ex-officio) , N. W. Storer, 
C. O. Mailloux, J. W. Upp. 


Commission of Washington Award 
L. A. Ferguson, Charles F. Scott. 
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Geographical District Executive Committees 


District Chairman (Vice-President, A. I. E. E.) Secretary (District Secretary) 


No, 1—North Eastern...1. E. Moultrop, Edison Elec. Tum. Co., 39 Boylston St., A. CG. Stevens, General Electric Co., Schenectady, N. Y. 
Boston, Mass. 
No. 2—Middle Eastern. ..W,B. Kouwenhoven, Johns Hopkins University, Baltimore, George 8. Diehl, Pennsylvania Water & Power Co.,1611 


Md. Lexington Building, Baltimore, Md. 

No. 3—New York City..H. P. Charlesworth, 463 West St., New York, N. Y. C. R. Jones, Westinghouse E. & M. Co., 150 Broadway, 

. New York, N. Y. 

No. 4—Southern........ W.£E. Freeman, University of Kentucky, Lexington, Ky. BE. A. Bureau, University of Kentucky, Lexington, Ky. 

No. 5—Great Lakes..... T. N. Lacy, Mich. Bell Tel. Co., 1365 Cass Ave., Detroit, A. G. Dewars, No. States Pr. Co.,15 S. 15th St., Minneapolis, 
Mich. Minn. 

No. 6—North Central. ..P.H. Patton, Northwestern Bell Tel. Co., Telephone Build- M. S. Coover, University of Colorado, Boulder, Colo. 
ing, Omaha, Neb. 

No. 7—South West....... G. C. Shaad, University of Kansas, Lawrence, Kans. R. W. Warner, University of Kansas, Lawrence, Kans. 

INO S—PaGiiCr sere a is A. W. Copley, Westinghouse Elec. & Mfg. Co., 1 Mont- C. E. Baugh, 245 Market St., San Francisco, Calif. 
gomery St., San Francisco, Calif. 

No. 9—North West..... H. V. Carpenter, State College of Washington, Pullman, R. D. Sloan, State College of Washington, Pullman, Wash. 
Wash. 

No. 10—Canada......... L. B. Chubbuck, Canadian Westinghouse Co., Hamilton, W. L. Amos, Hydro-Elec. Pr. Com., 190 University Ave., 

Ont. Toronto, Ont. 


Note: Each District Executive Committee includes the chairmen and secretaries of all Sections within the District and the chairman of. the District 
Committee on Student Activities. 


Local Sections of the Institute 


Name District Chairman Secretary Secretary's Address 
UNG) 11h ecae Her aren eRe gn] aeRO R. R. Krammes...... eA eLUGSOM eat, ale Goodyear Zeppelin Corp., Akron, Ohio 
Atlan bal fre xtpcteuswene abe. ee osscs 4 Ree SS CAML Ord. a eye) as Jie Eee CrSODS ieee ee General Electric Co., Atlanta, Ga. 
BaAltUNOLe mere os casee PEAY ELAWWIOY: s<csrene hese en WV. OLIS sr eeete eR ete Western Electric Co., Baltimore, Md. 
Birmingham. 7.) 2.3... hs O. E. Charlton....... Allied Engineers, Inc., Birmingham, Ala. 
IBOStoneeee ales bea vas De i Cr AN: OOrmey © 2 ein. ces Gad OrowGes: suse Simplex Wire & Cable Co., Cambridge, Mass 
RICA OF cn ha Oe techs By Eva PINTLOS faye) unvers eee HS @ SaWalliamMas assays 20 North Wacker Drive, Chicago, Il. 
Cincinnati ki eee Deo WE cach. BS Hieldsiyi..k ema J. A. Noertker. ...... Cincinnati Street Railway Co., Cincinnati, Ohio 
@loveland iy west at canal sie 2 OA ee ENOSLUZ Ei aie teres BB Snell ee Senos Cleveland Railway Co., Cleveland, Ohio 
Colympusien cnn S Pane ee SUV LIS SENVOLLGU secs anid = Roy IMallotyajccccr en Ohio Bell Tel. Co., Columbus, Ohio 
Connecticuty wee eee ee ee RG Warmer tare. ce WA Bo Haltincmetenc. Yale University, New Haven, Conn. 
Dallas eave. aeons ae Chr Resares Aa GibbseAy. Dy etnies Seva Darpeeemncae. st 1100 Allen Bldg., Dallas, Tex. 
Denver... 2.3 Raat Olea as te R. E. Nyswander..... INFERS OW lees snes cist! ae 807 Tramway Bldg., Denver, Colo. 
Detroit-Ann heboe! vataieate hs DMs castaieh Je SHOCMAKEN oe er Os uC EL VUSEE ht ach cians Detroit Edison Co., Detroit, Mich. 
PIO myer ete: fp sorta ait 2) ee tec OICM ae eepene casts C. V. Roberts........Erie Lighting Co., 21-23 West 10th St., Erie, Pa. 
Blorida pom ttceraateee MO OSCDIN Wied so c.2 ests eke Ree StU Satin aceon P. O. Box 2574, Jacksonville, Fla. 
Fort Wayne. 5 eee erie Lue ia SCHACLOR. win sree ere CoM. Summers. oc. General Elec. Co., Fort Wayne, Ind. 
Houston. . ita on oil cabs efaacuie she BiIVESWiISO% ance wats De Sen WAtONS i c.cr. se Rice Institute, Houston, Texas 
Indianapolis-Laf.. acon I) ie eas 1 Oarver nue rates E. G. Thoms........Indiana Bell Tel. Co., Indianapolis, Ind. 
Iowa.. Wie aig ley sorass Olarincan acueds tte ote OLD UISte Myhter « Be WW. Schilling 30: .. Iowa State College, Ames, Lowa 
DtUhaCataa ae bs cette: 1 Lee Ae ea W.E. Meserve.......B. K. Northrop...... Cornell Univ., Ithaca, N. Y. 
KAnsasi @lty..ereeae ths ons aie Meets CHOOTRE BISKO ya. 50d erste os, RYAN Sora oe General Electric Co., Kansas City, Mo. 
MehighaViahl eye. ro Ie 2...) cee aheheusatacteus Morland King....... J. H. Diefenderfer.... Penna, Pr. & Lt. Co., Hazleton, Pa. 
Los Angeles............8 Pe OR SLOM LOL dievi; racy act F. E. Dellinger....... Los Angeles Gas & Elec. Corp., Los Angeles, Calif. 
MiOUISVAHO eT as os ote oh ad ee es EAS Wai cmsteres, ny OO UV D aL WED meen ORCA Louisville Gas & Elec. Co., Louisville, Ky. 
Tite arpa te eisai apd nsle apLickohes peoueeteaneior dhs | OOO seleia tld une aolae le pkUstie UULUO WAGs ale ats General Electric Co., Lynn, Mass. 
NEAGISONI Ae neta te erate Oe ere ones UN ELM SUULINIO® 17-4, site crate Che OCW tame en che tia hls University of Wisconsin, Madison, Wis. 
IVEeMpPHISh Meet cheese 4 Pe IVERELOreO ge i). Magan DWV 5 AN OIG dove ne Memphis Power & Light Co., Memphis, Tenn. 
DWIEXICO ns oops. a eat PAReS 2 SAE ppATIAS haste cece nt LiOastros Pete. sk ieree Departamento Electricidad y Telegrafos, Ferrocarriles Nacionales 

de Mex., Mexico, D. F. 

MV WaNIKCOn ericson cis tO aie ena che OPEL AT ULOR OF tine bec kusn Ue, La SOOM Nees nee Cutler Hammer, Inc., Milwaukee, Wis. 
MIINTCSObAnEKUN. fay nde On 0 oi a)e  OSCAL Oaaraenions.. minis E. H. Hagensick.....The Pyle-National Co., St. Paul, Minn. 
INCDEASK Amma uelbucia tritici Oo Wel yaramin FXG Wp AMVETS Goh gnc OmDalsmaisrn nse» WenGLO) eon ic Building, Omaha, Nebraska 
ING WwitViOrkse Ae tite acti A O:. H. Caldwell....... EOF DCa.D iiedis ents « N. Y. & Queens Elec. Lt. & Pr. Co., Wishing INGY 
INiagaramrontieriees ats L mo clavate R. W. Graham....... Ga Wire bi eb Vic cashes General Electric Co., 1100 Electric Bldg., Buffalo, N. Y. 
North Carolina.......... Ae mtn stn UL UA OU cin order. shaw: F. C. DeWeese....... Carolina Pr. & Lt. Co., Raleigh, N. ©. 
Oklahoma City.......... 7........0. T. Almquist.......O. EH. Bathe..........Oklahoma Gas & Elec, Co., Oklahoma City, Okla. 
IPhiadelpoiaee ers tee Don sae ON Go OUTISOM var J. L. MacBurney.....Elec. Storage Battery Co., Philadelphia, Pa. 
Pitishureh toca eerste thee stars ie eee OOD EN v5 «tetas TIMES DOOROR Aa tthe sh Westinghouse Elec. & Mfg. Co., E. Pittsburgh, Pa. 
IPILCSHOldpeer a manners as Diz esnateratal TE MEMO ina. au ee On ebvenV ELO ORO oa General Electric Co., Pittsfield, Mass. 
Portland Ore wes sas Ol cet Eve da UO A VAGSON). 2%. cbr ue sadieeo en MUO WVUN of eleiti cose see Northwestern Electric Co., Public Sery. Bldg., Portland, Ore. 
PLOVIGENCOs Tas os cialis, AG eee Wi Ss. vladdocks), 7... On Wa Bridonann) stk Blackstone Valley Gas & Elec. Co., Pawtucket, R. I. 
DROCHESHENS trae tcetrun ss vie eh Ter Oe OID Oy viene kicteints E. K, Huntington. ...Rochester Gas & Elec. Corp., Rochester, N. Y. 
SpP Mousey eater ss Tech ate Mare GSEKra tus ce. eyeciate OC. H, Lankford. .....Century Electric Co., 1806 Pine St., St. Louis, Mo. 
SaANPANTOMO ms Mes caer hieva «ar eee tiered a ESE OOMS 0. seuaieds ID Hie VWVOOUStE. rien P. O. Box 1105, San Antonio, Texas 
Sans ranciseco weer. cnt Saleen At @Peuiy i... eres W. O. Smith.........872 Russ Bldg., San Francisco, Calif, 
Saskatchewan.......... Oars eae er WY De IG os tans aire aeRO OW Al Cirsrtr ist tans Light & Power Dept., Regina, Sask., Can. 
Schenectady es entra as Ln sete et R. A. Beekman...... Hii PavN@lSOMN seis, 6ae css General Electric Co., Schenectady, N. Y. * 
SCALES er en eerenauree ns: Oo at CL Ak @rawLord ara C. B. OCarpenter...... Pacific Tel. & Tel. Co., Dexter Horton Bldg., Seattle, Wash. 
Sharon. . ma | See TORO eR 8 rh COM iC) Co De ea ole CaN Lay lefeab ol fae aimee 3 Westinghouse E. & M. Co., Sharon, Pa. 
Southern ‘Virginia - Rest A ae ee RO RT EL SEROLLVigh. ce cinet ere E. L. Lockwood...... Virginia Public Service Co., Newport News, Va. 
MVOKANC resists cess Oo aa ese cele wkas, VINCENt 2s aranton Wiki Allenwiigacc. Home Tel. & Tel. Co., Spokane, Wash. 
Springfield, Mass........ Lees hector B. V..K. French...... LAGwPackenss week Westinghouse Elec. & Mfg, Co., Springfield, Mass. 
DVTACUSOL Ee A ayiat spe e's a sis Lidendeccarhste C. W. Henderson..... W. E. Mueller....... Denison & Thompson, Syracuse, N. Y. 
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Name District Chairman Secretary Secretary’s Address 
ED OlCd Ope ret ta ate trac ON PRON J. A. Dinwiddie...... Max Neuber......... 1257 Fernwood Ave., Toledo, Ohio 
ROYOURGO | Meso ccaierecus Os TOA ei intsccec Dy Wie BOO ic. ic Vers GoD) Bloydiia, ans sar Hydro Elec. Pr. Comm., 190 Univ. Ave., Toronto, Ont. 
WO PDAN Great wartainy ecu. Eigheact apart Ese WW O acta ka sis: EH, A, Reid........... University of Illinois, Urbana, Ill, 
Ni Gch ites era dancer 0720: 0 Oe sana sa seatare Paul Ransom, ....... AS LiL AY LOLs tor ests Univ. of Utah., Salt Lake City, Utah 
WANCOUVCR ria teeters aI eet Gaia WL OU hms CO WATNOUE.) ccatss, eee aiee B. C. Elec. Railway Co., Ltd., Vancouver, B. C., Canada 
WV anINS COMer ry te 18 8 wr tais ae Ge Weller. tii s010% C. M. Brown........ Westinghouse Elec. & Mfg. Co., Washington, D. C. 
VOT COST OI wena a messes» Aifesst it ae Dee VLCORINIV nasi Rie bra UUON cts cietcrae General Electric Co., Worcester, Mass. 

Total 59 : 
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SSS oeEEOEOoOoOoooEESESEoEoSoOoOoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee eee 


Counselor 
Name Location District Chairman Secretary (Member of Faculty) 

PATO RINT Veg OF wise ed aisvexs lotion ta hie si tens EASTON | WOO pen ccs at Wee cecil lente ae Di ariale itis Harmon Shively...... H. H. Schroeder...... J. T. Walther 
Alabama, \POlyoinst ys . occ. cain. es PASI OPT, PALS teen cyseitikocosierete ae oR aura Ass scantessice o! Wiss Bus VEIDG nce ache Gah Puaketerrd. )..+ cee. W. W. Hill 
PAN ADAI Ut Ven Oleh. ski. messin rise OMMIVOTSI GY. Ata ak tat Loe we one cra Ayn mice te OL OL = Eel OFOL Va anue als Ha Bi Hendrix,..ta0.- F. R. Maxwell, Jr. 
PATIZ OU AY DLV 2 OL econ, cs eee cL aye Bae PSGCSOLs ATI naive deny Mers rs 1 oe ieae rs Bie cs elise pron key Aloe ALOY: spe talon ciepete T. S. Henderson......J. C. Clark 
PAT amisas a ULVe Ofer.) we tlinct cs. eran eae Payettoville Ark. s.cos. cc eeaes Liaiaietocstuss Harold D. Albrecht... Robert Vining....... W. B. Stelzner 
PAT IMOUT PERU. OT LOCI. te sscciic o%a.9' ce) shan 3 Chicagoan Ti hence aeetaka see sat Le eter WW sa) oS OSU snecn ve: < seusnoe RELA Biryeiwa its. acted E. H. Freeman 
British Columbia, Univ. of........... WialCOULV. el tbsnO crrin.ce save tgsi eae IO... ciasAn DS. S001 Ghai wees H. M. Van Allen..... E. G. Cullwick 
Broakiva, Poly. (ists Ofs.. . eee nc cs STOOK LYRIS Nie Visi aeterc sient eee saree cae Bras te George Morton.......F. Anderson......... H. B. Hanstein 
ESIC SIGN CN Vane a ea ee ne Aces a a, MewWisDure. bate vache ani oe ete atone an OV Rs Sterling. coda ee ELOLUM aan netiees scot George A. Irland 
Calif Wasb Of Ph eGHicc siesta. eer eadt, we a oh Pasadena; Calif 2. a,c «asda cyetee.ecs Sie sag hee Pubs Ly ous... Riw. Sts Claiv.. ... R. W. Sorensen 
GEN Tr Seale h yeta) fo Reet PS RIM ley ly ee Berkeley: @©alit parca ciees Ane erect Si ctiaart V. J. Johnson........Hilas C. Ashley...... L. E. Reukema 
Carnegie Inst. of Tech’. 2.02.02. 206 000 PAD USD UT 1 eb aera ered eeeaa viet Qe aittants IW: BWigtonys.seeeee F. A. Lennberg.......George Porter 
Casé Sch. of Ap. Science............. @levelart yO iO. s, sere wees tes Dy so elements Wied batting peer K. R. Spangenberg...H. B. Dates 
Catholic Univ. of America............ Miashine ton DiGi waco is. Ohwcet hed sent. Davadees DOOGYoa at. F. D. Vezzos.........T. J. MacKavanagh 
OCineimatis Univ. Ole veces ss ce ee O@incinnati.Ohior..-c.cee. cakes Dart eherd Was IS OCKMs tien staat en Henrys Steric a W. C. Osterbrock 
Clarkson College of Tech............. (Potsdaiis [New vce, larsteeds aeiaes Mien Dorie Os OF MICNaltn! 72 ede O- reOULKO nmi ae A. R. Powers 
Clemson Agri. College...........0.5.. Clemson College, 8. C........... Ab ee ee HS. Montgomery....©. A: Harishy.. © a... S. R. Rhodes 
Colorado State Agri. College.......... Be ColimssColowneacg masa ae Gite Leroy Sweet......... F. L. Poole 
WoloradonUDiy. Ol n svat: ce aia oe Boulder: Colones recesses eee 6 Ge aun BSW .Cooperys ee We@. Spear seeks ree W.C. DuVall 
OoopervOMON sf syscrs ecere ore « tpags ons one NS We VMOPK UNG “Vets h fat. chee voit Siti eniee HEL GrPISS1 OI at cers ae we As By Mundelija A. J. B. Fairburn 
Corneligumiversityeee ss ane ne WGHACA WIN Nee Peete. ree cio: a 1.......Randall A, Smith....Wm. S. Bachman....E. M. Strong 
IBS en Reh ge LOL Uh At) ee RE I Siete Denvor, Colon. ere seats cnet Gina es. Ore DISS) Oli meee IrwinsOleovich®- cas. 2. R. E. Nyswander 
PD OELOTG. Umi. (Olin ate creel suniaicic ays ays Devroity Miche war eee 5 Sita Aho SU AT ROY er ae. Cache Jp SCHON oes aks Goes H. O. Warner 
PRP OX OLENS ie cia ce Sn tor ak aeteeh saps obs Philadelphia; Paw ae atc tae Ber ate Gey AS Oster Sper. anise Ges MeOtZie cena te: an qe OWduanse 
POMC OM IDNTEU  epevane Ree 8 eso) say 55d ceen lade Logos Durham Ne © eens As okie Ae sine gnie Cre LEC Ke ei or cae JAS Womack eit W. J. Seeley 
ET OTIG Ae Wal Ws Oli aytne 6 ovens dh «) sronty acta aus Galnesville Mla eeaedor ttn « 1 INS: Richa se era heal Uecal ee a ek ae Barnett recs. cneste Joseph Weil 
Georgia School ol Tech, 0 ia. . = «atts «ce Atlanta; Garr cae cakes evseae oe Ai abr nnnayed oe REL ALT ISOM) ae,cee oreks Jack’ S."Gantt...,....< T. W. Fitzgerald 
LUV ATG CRO TALY Acer terout = rceteu contin: dca aca @ambridge, Masses cen nisi as Meine te Hric A. Walker.......Charles N. Mason....C. L. Dawes 
BGanOr OM ys Ofc). rcchran n¢iGeur savec ee DVEOSCOWs LG alOngae te hins eer eee steer: Oe ea 4 Glenn E. Gage....... H. R. McBirney...... R. H. Hull 
MITT Ose OMY A Otemmye seine sche s chese a Cretan c Winbamay) Ulsan a ann acta iter tee tic DEA Raesomeee W..P) Burelund 72s. G. L. Bodwell........C. E. Skroder 
Towarstate OCollegeins 5 5. a: 6h sda as AINOS: TOW A Mee nema sates mates Diag sere) Wet ine UC DNOP ar yi Ge LAD KS oetNereceemantee F, E. Johnson 
Vowa, evade Univ. Of. a.......2--54+. 05 Lowa, City, Lowder tiegha- Gira SiGe. deme ding Wis Catmpian /... 20. 6 Dom Ay ©OzZINOL. aire E. B. Kurtz 
Kansas State College................ Manhattan, Kansas............. aN GaSe Te Gieh Caln werner ae DDS esters aeccsnee R. G. Kloeffler 
KAS AS any OL cis chap. ve tees ea pe are arwrence, wKansagierasr senniin ns Toe eee award Wishers. i. Jack#Brousise. see D. C. Jackson, Jr. 
EWEN Coleg Oh tli hase a) eee eer eee Ese i Brey-aba¥egiroy SURG, eer bth Fes. Olota Neate aes Le S. M. Worthington...B. G. Crosby, Jr..... W. EK. Freeman 
Wiafavette: Oolegse we cise nes sce es ereege wits EASON MP amine resis strate oe een 2 an oe Ae Hi Hdmondson, <=. Henry Eh. Jones’... < Lawrence Conover 
(De) awed ave) U6 hpi et ee PERNT Reed TOR Bethlehem sea wrac.ciuhas odes eee Dds ert rile L. F. Underwood..... C. W. Bankss..7...-sN. Ss Eibshman 
NGG WAS PUTISG Hy ., ke iucai Gas aie + sue enele, «is. 2 ue Ohicaso ell sac wks oir Perm sevice eat aGercstterunigyy F. A. Rogers 
Wowisianarnsvave: WN ees aie ietr ies as Barong OU sy Lia cic wressuiniieren ace ienee ASN, copes Tatoo UG IRS SW Sy aWae es ets R. A. Orain..........M. B. Voorhies 
WOUISVIle; WIV rOlwn « .iearctie = « sob peeks EEO MIS ALLO te Vs an vot Rl ocr a Rcowsanaitite Anca John G. Lips... . ote WimtshBaileyi: ton < S. B. Fife 
IVEATIG SINT Ol oo carcesi ones tuesbises ake ap sapere Orono PIVIGIN Oss i050 Wola c tae core scout 1 eee Ronald E. Young... .Roland J. Tibbetts. ..W. E. Barrows 
MVE ATO CUUO WME V2 succciecenil es ccstebevoms*t.s (3.50 INA weNIKCO; WIG st i cace ante rept seehe ene Dis casa Ellsworth Ziehm.....Donald Boechmer..... Hdward Kane 
Massachusetts Inst. of Tech.......... @ambpridze, Massa... see ee ite oe oe olny OMG beon:. mm, 2s Thomas R. Smith. ...W. H. Timbie 
Michigan Col. of Mining and Tech....Houghton, Mich................ Diccsla susie sone CrpPRUOROLS octet sie, HVE Ls OLOWElliomen necks G. W. Swenson 
Michigan State College.............. Hast Lansing, Mitel cesses seneherons 5.......Edwin W. Moore.....Webster Bowler...... W. A. Murray 
RVI CIS ATE Wave OL; seine e i hermes aa is Ann, Arbor, IMDICh ys. 6. een ues ei Dari ateROne ACAD HOR DOS z..sae = tie Ces OVE ULL a rae eine rere S. S. Attwood 
Milwaukee, School of Eng. of......... IMislwaikeom Visi rs ncccte eee eee. ci gun aerate Wim. P. Gainer:...:.. H. F. Volkmann...... V. M. Murray 
VINA CSO bale CML Vc. Olvere voc, hole lems Tateleaaact Minneapolis, Minn.............. Shatoeee VL Gre Swanson sens. 8S. McDermott....... J. H. Kuhlmann 
Mississippi Agri. & Mech. Col........A. & M. College, Miss........... A PR he tees 6) IN IO Te) 4 chi ra aeriars Gmeiceael lead Bin AOLDUOY eA. ek Aaa cten L. L. Patterson 
Missouri School of Mines & Met...... VOUS MLORawattnnoter ts ccc ers ekre Y fgehch re OES Jed) SLCLUOD eae pete oe Ge Deishoeri tea, sexs I. H. Lovett 
IM BECO cre ML Bho ror che Bete on Maemo ac Columbia; WVMiow, 4 saacnte akan aed ne detA Tey d By NAOMI Ss Ay ore ogi s Re Osadcheyinaaaertaes M. P. Weinbach 
Montana State College............... BOZOmMIA, MLO s/he diecaiais a0) ote eA Oratew clans aie Homer Lambdin..... Wesley C. Funk...... J. A, Thaler 
Nebraskan sJOMIV 2 Of: eke cher sierseet- ote incolnn Neb ie wtericraies 3) cee haa: GOW dole Slee adiabay Mae hQole ep ok eas Wana VIP EL vicyarcnet eer aie F. W. Norris 
INeVadasUDiVAOh ype cl tables. Obs RenonNevadatacnt foie see. tones 8 pays teak Donald Knapp....... Onvisehi Rell serene S. G. Palmer 
Newark College of Eng............... Newark IN sabia oe teeta toa texas Sicha cheeses Bi Oba Mitek teh ate J. G. Woehling.......J. C. Peet 
New Hampshire, Univ. of............ Durbar wN a ew ates free kee aii Learn) fe PAs JOlRe ies cet ave tee dels AWURE NO sates L. W. Hitchcock 
New Mexico, Univ. of................Albuquerque, New Mexico....... Lasers Use AUS OID ILO: hee ake Stanley O. Fish...... F. M. Denton 
iINGwa ork Colwotsthe OCltyz0fa ce er eeNOW: XOTIE, NG Mosh sccily ncndea 2 ace els Sohal sys A. Rosenberg........ LES awlor@eccen ot: Harry Baum 
EN GW OVIcs Ways ela hrn ters Oss) eieitelese eee Univ. Heights, New York, N. Y..3....... UALS BAC geen, Gai Heekeliges.. owe. J. L. Arnold 
North Carolina State College......... Raleigh sNeKOh peo aepacd sheiwarceands CIE PS RED IRIS IRR URE 6 400 Sas ti @) Ebb Dang aawcas R. S. Fouraker 
North Carolina) Univ. Of. 50%. 2.5 se @hapeleHiile Ne cog ak aS at ois Ae Di MU DUEStON, wil. me Salle Darian syne J. EK. Lear 
North Dakota Agri. College.......... VES ORSON eRe et tek satan, Savors ails Gyr ayoters Clarence Bryant...... Ralph Simenson...... H. S. Rush 
North Dakota? Univ: Of... 2.1.5. .40055 GrandenorkshiNi Die saci «seus rare Git ags Bree tiess tue LOL Sirsa, vdeo Mark Scartiiyo.ni0....% H. F. Rice 
Northeastern Winiys, merits seis tone ai slace IBOSGOM EL ae VLASS eisine crys teas 1 ectsp ersvs PAU SSISG BWV. RISE tree, crete P. H. Townsend......W. L. Smith 
INOtre, Dame OnivaOf atone sie cioralever«s INOELOMD ait mln Genes ss eae. sa ate RD at cede HotedaTgl oye bly Se raewer en, F. A. Consolati....... J. A. Caparo 
Ohio Northern Wives sss sts eels NAA ROMO MAM a ocnttrre orc sikleee DAME doh om ORT ACODBSinss ties «< W. Gideon...........1. 8. Campbell 
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penecriis Miveerdeece 


New Books 


In the Societies Library 


Bitioxs the new books received at 
the Engineering Societies Library, New 
York, during July are the following 
which have been selected because of 
their possible interest to the electrical 
engineer. Unless otherwise specified, 
books listed have been presented gratis by 
the publishers. The Institute assumes 
no responsibility for statements made in 


776 


the following outlines, information for 
which is taken from the preface or text 
of the book in question. 


Business Aprirt. By W.B. Donham. 
N. Y., McGraw-Hill Book Co., 1931. 
165 pp., 9 x 6in., cloth, $2.50.——A 
thoughtful, important contribution upon 
the problems that threaten our future 
economic well-being. The author dis- 
cusses the part that business men must 
play in meeting the needs of the American 
people, and offers a plan for the future 
which will meet changing business con- 
ditions intelligently. 


AIRCRAFT YEARBOOK, 1931. LEHdit. 
by Aeronautical Chamber of Commerce. 


Counselor 
Name Location District Chairman Secretary (Member of Faculty) 
Ohio State: Univ aye Sees, acts ee Golumbuss:‘Ohiow srs sehen ante eras C@harlesi Le Lical ane Gnawa LOY Clara are F. ©. Caldwell 
Ohio Wives es ce AthensAO hiot pvc eee a aaa he aie etna ome caters George Wyckoff...... William Cooper...... A. A. Atkinson 
Oklahoma Agri. & Mech. College...... Stiltwater: Okda 7. toe cals meee SaaS Joe W. Hutchins..... Clyde V. Benson. ....A. Naeter 
OklahomawUnivtofwersees ee BNTOLTN aH ey ©1013 net tenes ete eee Wensum, Clas. ©. Lud wick=\a, .0s SuLOssperset. oer ime F. G. Tappan 
Oregon State College........5.....0. @orvallist@rene ae eee Dek cunnee Dale Hansen.........George Howie........F. O. McMillan 
Pennsylvania State College........... State Coll6gen Patan ates cee Qe Pra ato vd eNisq DOLL OL Ma raeatncen tr J. W. Hostetter. ..... L. A. Doggett 
Pennsylvania; Univii0f...:2).....-3. Philadelphia tea... 0 te ee Dien mcrae C. N. Maxfield....... H. D. Sarkis.........C. D. Fawcett 
iPiptsbureb WU Niv Olena nen elect 5 Pittsburgh Paneer eee Da ts ates Wi J Howells teas R. H. Kernahan...... H. E. Dyche 
PPA Guy aS Gs ceepan terete sie tach 2 2s ulcweeheneverterenaee Brooklyn Ney ck eee cement: See Win. Ee Suttons) sc Ronald L. Bishop. ...C. C. Carr 
IBPINCOtONy WU NLvav dane er: cane ee Princeton; Nadintcser nt oie re 2.......Frank L. Thomson...Ernest E. George..... Malcolm MacLaren 
IPULCUCNUUILV Ath era ws onto ae esi ee Lafayette; Ind e2.scke caer + Bi et cae P.-O, Peterson:...... BL Mis Sharer) a.nd. + A. N. Topping 
Rensselaer Poly. Inst. ...........:026 Toys INSEL take ee otieredd dyadic Dats ce Oo) uO WwiS tana oc. els A Sebloder ea, s 3h eV seebast 
Rhode Island State College........... Kine ston: sRaibereere nt teem tee cit tes Peer ae Leon C. Breault...... Lloyd E. Crandall... . William Anderson 
RICSNStS ee ee ce ea one EL OUStON MOXOS taratetera fara ere end CM aS ee M. E. Kattmann..... EA. Turner) Jtaan..- J. S. Waters 
FROSCMR Oly s LDSU crieren oe tenctieae espera oie rere MerrevHatite nade. ese cee eases Robert Roach........Charles E. White.....C. C. Knipmeyer 
MECALESOL SW Vat Me oe aterratesslnetee faeee bee ae New Brunswick? INedircnie aele ne Se rate Fred T. Kent, Jr..... W)UM Reiley>.. se. FF. H. Pumphrey 
Santa Clara sUnly. Ofc. co stac come eens SantaiClara, Galton. nae Oe rare Te Wy LOrpe mn ean Ta perhardi. ones EK. F. Peterson 
South Carolina, Univ. of... ........5% Columbige Ss Or. viens cee Ale Rock DE a Rankin’. ees L. W. Dickinson, Jr...T. F. Ball 
South Dakota State Sch. of Mines... .Rapid City, 8S. D................ 6......,Almon M. Bjerke... J. O. Kammerman 
South*Dakota, Univ. Of 25.0. 025... Vermillions SD. tenon Gillie eee yLy ron! OOO sates Carl Bauman....... B. B. Brackett 
Southern California, Univ. of......... LosvAngeles, ‘Calif t..0.0 ns oes. Sie mye ae M. C. Marshall......Louis Bayha........ W.G. Angermann 
Southern Methodist Univ............ DallaswVexasttew 5 career ne Tener eee: Jit Vis WLeltOn ane eae a Porter Lindsley, Jr...H. F. Huffman 
ScanfordeW ni crm cetesicace tet prtuen tee Stanford University, Calif........ Sita cance Re. Jones Ir. 2.7 7 Onald., Ee Bornes... ; 
Stevenstinst: OF Lechyna.ce tower ce aes Hoboken “Ni Jeno tae eee Cie emiow. 0 God; Costello... Br. Puller’... Asoc. ©; Stockwell 
Swarthmore’ College... .... 0.505)... Swacthmores Par oe mantis 2.......Lewis Fussell, Jr..... Robert H. Lamey.. ..Lewis Fussell 
PRS VEACUSCHUMLV ater er tere itts cre sly se atures alee s Syracuse, NY fete ase ts ee es it che oe Donald Robinson..... Wie leppinger nrc C. W. Henderson 
Menmesseem Univ /Ofsscretevs tae uc oes Knoxvilles Menta viet. cme oe ALES 2 Stat PMs Pattersons «2-7 ©. NUNC yen ae J. G. Tarboux 
Texas Agri. & Mech. College......... @ollege:Station, Texas) ior at eas see TMs Sowell. sanm Hy A. Stobart... 205g H. C. Dillingham 
Moxasr loch’ ©ollege.iwree sn nm jab pock, Lexast.s.ec. en oe (eee oat Walter Burns........ Everitt Dison........ W. J. Miller 
ITOXASe UMLV OLm rare rent eset ats tee ae CANIStIti, “MOKaS err eyc cineca etn ens Baas meas To Hs Oolev ence: os 2 sOUSAIN geen oe a ee OOLTEIE 
LORE) a pall Of RIGA.) etal en cenue cae Hee RDeic ata kes Salt Lake City, Utah............ Oe eas iy © Hansen ese oe Wm. S. Nishiyama. ..A. LeRoy Taylor 
DVIOPINO WN MLV Of te cre set re ee ete Burlington Vite ence ce er 1S ements Donald E. Child.....Robert A. Hyde...... L. P. Dickinson 
Virginia Military Inst.......2.0....5... WexiInetone Viawee se tne eee Als Cicaok ade ONO a ae cee BP Retrapnell.... S. W. Anderson 
Wineciniame Oly LUStneis «cn stcek eae Blacksburg, Viaka ete caters ASS es R. E. McDaniel...... Claudius Lee 
Wareinia cmv Obern once cktas cle <5 ets Umiversity, (Viawccnc cea deltere eo AN ae oUt GG: Quarlesi ae. . T. J. Peterson........W. S. Rodman 
Washington, State Col. of............ Pullman Wasiyen as ace ieee OM Ata aiee DTH Olney, . rr G) OF OBrien... =. Orren E. Osburn 
WashingtonvUniver ness. ce ee ne StULoulsw MO war. oot are Lie SOE Don A. Fischer....... B. ALsWiolitmen son ican W.L. Upson 
Washing ton UnLVs-Ofes «oe acre on Seattles Washi fics cnc ace ate Oey ase ane Allen" SK Ocha s mac: Pier SUCKIMIA LRG ern rater, G. L. Hoard 
Wiestavireinia  Wniv 2c). 270 ee we Miorgantowily Wa, Vain a. cae eens PIRI ea ek Pye ONUSON eh ee C.F. Stewart........ A. H. Forman 
WiASCOUSIIE WU nIVe Ofer. «einceGeetie vec Madison Wisii~ ca oe. ren eiane Deh ie es eta Gee WV OOGLOLG ase) "TeaINs Racheit sc...) 0 C. M. Jansky 
Worcester Poly. Inst... ....:........- Worcester, Mass. >). ¢.....5++s Necmre sielkwer Cheam raSCOl ter. Wm. A. Ardito ..C. D. Knight 
Wivoming= Umivs Ole. setccee ae tee Mar amie WW VO ne tek see Sear Gi Seana ic Neil Sanders......... Roy ‘Perkins!.s c.0ccee G. H. Sechrist 
SV aleRUIY: teenie navtts state siete ooo me New Haven, Conn. (eo...) oe} 1 hs Ludwig B. Hansen....F. M. Wolff......... W. B. Hall 
Total 109 
Affiliated Student Society 
Brown Engineering Society........... Brown Uniy., Providence, R. I. 
N.Y., D. Van Nostrand Co., 1931 


607 pp., illus., diagrs., charts, maps, 
tables, 9 x 6 in., cloth, $6.00. Reviews 
technical and commercial developments 
during the year. Describes the air lines 
in operation and the work of the army 
and navy, the activities of colleges, the 
changes in airplane design, legislation, 
etc. Drawings of all aircraft and engines 
in production are given, together with 
much statistical information. 


ABFLUSS-UNTERSUCHUNGEN UND-BE- 
RECHNUNGEN FUR UEBERFALLE AN 
ScHARFKANTIGEN WEHREN. (Mitteilun- 
gen aus dem Gebiete des Wasserbaues 
und der Baugrundforschung, Heft 4.) 
By C. Keutner. Berlin, W. Ernst & 
Sohn, 1931. 27 pp., illus., diagrs., 11 x 7 
in., paper, 4.20-r. m. Gives the results 
of observations of flow phenomena over 
weirs in glass channels and of experiments 
to find equations for the flow which will 
be accurate in cases where the usual equa- 
tions fail. Rehbock’s formula is found 
correct for certain conditions; other 
formulas are developed for special cases. 


ELEMENTS oF THERMODYNAMICS. By 
Ernest M. Fernald. N.Y., McGraw- 
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Hill Book Co., 1931. 329 pp., charts, 
diagrs., tables, 9 x 6 in., cloth. $3.50. 
Professor Fernald’s aim is to give the 
student an adequate, flexible technique 
for dealing quantitatively with various 
situations, and sufficient data for meeting 
the simpler ones; together with clear 
ideas of the limitations that universal 
laws impose upon engineering practise, 
and of the conditions that practise must 
meet, before.finally perfected. The prop- 
erties, processes, and cycles of steam and 
perfect gases, compressed air, refrigera- 
tion, evaporation and flow through 
nozzles, ete., are discussed. 


Practicau Raptio including Television. 
4th edit. By J. A. Moyer and J. F. 
Wostrel. N. Y., McGraw-Hill Book Co., 
1931. 410 pp., illus., diagrs., charts 
tables, 8 x 5 in., cloth, $2.50. ‘A popu- 
lar exposition of the principles of radio and 
of the usual types of receiving apparatus. 
Advice on the selection and operation of 
receivers is given and also upon the con- 
struction and testing of some typical sets. 
This edition has a new chapter on tele- 
vision as well as numerous revisions and 
corrections. 


PracticaL Marine Dissent Enai- 


NEERING. 2nd edit. By L. R. Ford. 
N. Y., Simmons Boardman Publ. Co., 
1931. 758 pp., illus., diagrs., charts, 


tables, 9 x 6 in., cloth. $7.00.——Dis- 
cusses construction and operation from the 
point of view of the practical engineer. 
Theoretical principles are explained 
briefly, the construction of the various 
parts of engines and the accessory equip- 
ment described, and detail given for a 
large number of makes of engines. A 
major portion of the book is devoted to 
operation, Such matters as repairs, tests, 
and lubrication being explained quite 
fully. 


BERECHNUNGSGRUNDLAGEN UND Kon- 
STRUKTIVE AUSBILDUNG VON HINLAUF- 
SPIRALE UND 'TURBINENSAUGROHR BEI 
NIEDERDRUCKANLAGEN. By H. Rohde. 
Berlin, J. Springer, 1931. 112 pp., 
illus., diagrs., cies Sat 10k Guin., 
paper, 11 r. m.—_—T 
struction of these important elements of a 
power plant are both hydraulic and me- 
chanical problems, and the present book 
is intended to throw light upon the struc- 
tural and mechanical phases of the sub- 
ject. The study is intended to assist in 
determining the most efficient forms, 
with due attention to both hydraulic and 
structural considerations. 


AprRiaAL AND Marine NAvIGATION 
Tastes. By J. E. Gingrich. sy 
McGraw-Hill Book Co., 1931. 63 pp., 
diagrs., tables, 11 x 7 in., leather, $2.50. 
The aim of the compiler of these 
tables has been to combine speed, facility 
in use, and simplicity with accuracy. A 
uniform plan in the solution of all sights 
has been adopted, and the volumeis usable 
over awide range and of handy size. The 
tables are a rearrangement of those de- 
vised by Doctor Ogura of the Japanese 
Navy. 


EvecrricaL ENGINEERING. By C. V. 
Christie. N. Y., McGraw-Hill Book Co., 
Inc., 1931. 662 pp., diagrs., charts, tables, 
9 x 6 in., cloth, $5.00 The fourth 
edition of this well-known text preserves 
the characteristics of former issues, but 
certain additions have been made, in- 
cluding an outline of the mathematical 
relations required for solving problems in 
a-c. theory, the design of a commutating- 

pole d-c. generator, a discussion of the 
Problet of system stability, and a set of 
typical problems. 
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‘By . J. Hi. Morecroft.. 


he design and con-- 


L’Empior pes Uniris DANS LA PRA- 
TIQUE DES Catcuts. By F. Bétrancourt. 


Paris, Dunod, 19381. 91 pp., tables, 
9 x 6 in., paper, 16 frs. A collection of 
the geometrical, mechanical, electrical, 


magnetic, and optical units of measure- 
ment, with definitions, formulas, ete., 
intended to aid calculators. 


EXPERIMENTAL Rapio ENGINEERING. 
N. Y.,' John 
Wiley & Sons, 1931. 345 pp., ‘illus., 
diagrs., charts, tables, 10 x 6 in., cloth, 
$3.50; A laboratory course in the 
principles of radio, listing fifty-one ex- 
periments and designed to bring out 
characteristics of component parts of 
receiving and transmitting apparatus; 


the introduction is upon laboratory 
. apparatus. 

Sags AND TENSIONS IN OVERHEAD 
Lines. By C. G. Watson. London & 


N. Y., Isaac Pitman & Sons, 1931. 
192 pp., diagrs., charts, tables, 9 x 6 in., 
cloth, $3.75. Presenting simple ac- 
curate methods for determining these 
sags and tensions, and requiring no 
further mathematical knowledge than an 
ability to plot and read graphs, and per- 
form simple arithmetical operations. 
All the eases ordinarily met in practise 
are discussed and explained. Tables and 
graphs of hyperbolic and catenarian 
functions and a table of tangents are 
given. 


Vector Anatysis. By L. R. Shorter. 
London & N. Y., Maemillan & Co., 
1931. 356 pp., diagrs., 8 x 5 in., cloth, 
$2.75. The extensive use of vector 
methods in modern text-books of physies 
makes it necessary for the student of 
mathematical physics to have a working 
knowledge of vector analysis. This brief 
text is intended to supply that need. It 
is suited also for use as an introduction to 
the subject for students of mathematics. 


Srreine, A ParTNERSHIP OF LIGHTING 
AND Vision. By M. Luckiesh and F. K. 


Moss. Baltimore, Williams & Wilkins 
Co., 1931. 241 pp., illus., diagrs., charts, 
tables, 9 x 6 in., cloth, Seeing 


depends upon light and lighting as well as 
upon the visual sense; yet light and 
lighting have not yet. received much 
consideration as a partner of the visual 
sense, the authors assert, although 
excellent scientific data pertaining to 
vision are available. The present book 
aims to remedy this lack, in part, by 
giving the results of extensive research 
work, covering some 20 years of effort 
to establish the scientific principles of 
seeing. A bibliography is included. 


Founpations oF Rapio. By Rudolph 
L. Dunean. N.Y., John Wiley & Sons, 
Ine., 1931. 246 pp., illus., diagrs., tables, 
8 x 6 in., cloth, $2.50 An introduc- 
tory text-book on electricity covering in 
non-mathematical language the funda- 
mentals of interest to students of radio 
engineering. 


MITTEILUNGEN AUS DEN ForsCcHUNG- 


SANSTALTEN, GHH-Konzern, Bd. 1, 
Heft 5, pp. 101-122, May 1931. Berlin, 
V.D.I1. Verlag. Illus., diagrs., charts, 
tables, 12 x 9 in., paper, 3 r. m. The 


first article in this bulletin discusses the 
use of large diesel engines in electric 
power plants. Their advantages for 
peak-load service and as standbys are 
shown. The bulletin also reports on 
investigations of methods of drying wood 
and their effects upon its mechanical 
properties. 


Nature or a Gas. By L. B. Loeb. 
N. Y., John Wiley & Sons, 1981. 153 
pp., diagrs., charts, tables, 9 x 6 in., 


cloth, $2.50.—Students and engineérs 
interested in the behavior of dielectrics 
as insulation will be grateful for this 
review of the nature and electric proper- 
ties of a gas afforded by this monograph. 
The structure of the molecule is discussed, 
and its behavior under various tempera- 
ture conditions considered. The mono- 
graph is the first of a series sponsored by 
the committee on electrical insulation of 
the Division of Engineering and Industrial 
Research, National Research Couneil. 


Dir ANwenDUNG DER NoMoGRAPHIE 
IN DER MaruemMatTix. By H. Sehwerdt. 


Berlin, J. Springer, 1931. 116 pp., 
charts, diagrs., tables, 10 x 6 in., cloth. 
28 r.m This book contains 104 


charts containing 236 nomographs of 
various mathematical formulas, which 
illustrate the possibilities of nomographic 
methods in mathematics. The text 
explains the charts and shows how they 
may be used. A brief bibliography is 
included. 


INTERNATIONAL CRITICAL TABLES OF 
NumericaLt Dara,:PuHysics, CHEMISTRY 
AND TEcHNOLOGY. V..7. By the National 
Research Council. N. Y. McGraw-Hill 
Book Cor930794507 pp. aii x onan 
cloth $84.00 (7 v). This is the final 
volume of the work in which the best 
values for an immense number of con- 
stants and numerical data of physics, 
chemistry, and engineering are recorded 
for the convenience of research workers. 
The values are based upon all recorded 
work previous to 1924, as in the ‘‘Annual 
Tables of Constants and Numerical 
Data.’’ The values given in the present 
work have been chosen by competent 
authorities as the most satisfactory. 
References to original publications are 
included. Indispensable in research lab- 
oratories and libraries of science. 


OnwarpD Inpustry! By J. D. Mooney 
and A. C. Reiley. N. Y. & London, 
Harper & Brothers, 1931. 564 pp., 
10 x 6 in., cloth, $6. 00. An endeavor 
to discover and define the principles of 
efficient organization, by studying princi- 
ples used by great political, military, and 
ecclesiastical organizations of the past. 
A historical review of human experience 
with large organizations, accompanied by 
a study of present coordination and 
operation problems in modern industrial 
corporations. 


ENGINEERING SOCIETIES 
LIBRARY 


29 West 39th Street, New York, N. Y. 


AINTAINED as a public reference 
library of engineering and the allied 
sciences, this library isa cooperative activ- 
ity of the national societies of civil, elec- 
trical, mechanical], and mining engineers. 


Resources of the library are available 
also to those unable to visit it in person. 
Lists of references, copies or translation 


of articles, and similar assistance may be 
obtained upon written application, sub- 
ject only to charges sufficient to cover the 
cost of the work required. 


A collection of modern technical books 
is available to any member residing in 
North America at a rental rate of five 
cents per day per volume, plus trans- 
portation charges. 


Many other services are obtainable and 
an inquiry to the director of the library 
will bring information concerning them. 
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Selected Items From 


Engineering Index Service 


Sica references to current 
electrical engineering articles from 
Engineering Index Service’s review 
of some 2,000 technical periodicals are 
given in the following columns. 

All articles indexed are on file in the 
Engineering Societies Library, New York, 
which will furnish photoprints of any 
article at a cost of 25 cents per page or 
make translations of foreign articles at 
cost. 


Busbars 
PROTECTION.  Differential-Bus  Protec- 
tion Proves Its Merit, H. H. Cox. Elec. 


World, vol. 98, no. 1, July 4, 1931, p. 30, 2 figs. 
Inasmuch as station bus failures are always of 
serious nature it was realized by engineers of 
Department of Water and Power of city of 
Los Angeles that some form of bus protection 
was essential; original scheme of differential bus 
protection was proposed by author which 
involved connecting in parallel of as many 
current transformer secondaries as there were 
connections to bus in question. 


Cables 


INSULATION. Cable Insulation Thickness 
Can be Reduced, D. W. Roper. Elec. World, 
vol. 98, no. 1, July 4, 1931, pp. 27-29, 6 figs. 
Number of questions arose in connection with 
development of transmission system in Chicago 
region, such aS maximum economical size for 
132-kv. cable, feasibility of 220-kv. cable and 
economics of use of oil-filled cable for 60 kv. or 
lower voltages; some preliminary studies had 
indicated that most economical cable for given 
set of conditions would be determined by annual 
charges rather than by first cost, and this led to 
decision to extend investigations in progress so 
as to cover entire range of transmission voltages. 
Before Am. Inst. Elec. Engrs. 


OIL-FILLED. The Theory of Oil-Filled 
Cable—I, G. B. Shanklin and F. H. Buller. 
Gen. Elec. Rev., vol. 34, no. 7, July 1931, 
pp. 416-420, 8 figs. Purpose of article is to 
round out general theory of high-tension oil- 
filled cable and describe additional development 
of important nature that have not yet been 
dealt with in technical press; article is sequent 
to recent A.I. E. E. paper by same authors 
“Characteristics of Oil-Filled Cable,’’ two 

ublications give fairly complete summary of 
atest oil-filled cable practise developed by 
General Electric Co. 


Circuit Breakers 


Influence de la forme de la tension de rupture 
sur le travail des disjoncteurs (Influence of 
Breaking Voltage Wave Form on Performance 
of Circuit Breakers), J. Kopeliowitch. Asso- 
ciation Suisse des Electriciens—Bul., vol. 22, no. 
13, June 26, 1931, pp. 312-317, 8 figs. Compara- 
tive study of values obtained in cathode ray 
oscillographic research in 132-kv. lines of Ohio 
networks and in tests at high tension laboratory 
of Brown Boveri, Baden. Bibliography. 


Clocks 
ELECTRIC. Electric Clocks, F. Hope- 
Jones. Lond., N. A. G. Press, 1931, 261 pp., 


diagrs., 12 s. 6d. Combination historical and 
technical account of evolution of electric clock; 
starting with Alexander Bain’s patent of 1840, 
author describes and criticizes efforts of suc- 
cessive inventors and illustrates steps that have 
led to highly accurate devices of today; numer- 
ous diagrams add to usefulness of book. Eng. 
Soc. Lib., N. Y. 


Condensers 


SYNCHRONOUS. Automatic Synchronous 
Condensers of the Washington Water Power 
Company, E. Baughn. Gen. Elec. Rev., vol. 34, 
no. 7, July 1931, pp. 421-424, 4 figs. Operate 
on 110-ky. lines; two machines, 7,500 kva. and 
10,000 kva.; purpose to increase capacity and 
improve voltage regulation of lines; automatic 
control equipment; its functions and operation 
under normal and abnormal conditions. 
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Dielectrics 


Dielectric Properties and Chemical Consti- 
tution, S. O. Morgan. Bell Laboratories Rec., 
vol. 9, no. 11, July 1931, pp. 535-542, 9 figs. 
Atomic study. 


Diesel-Electric 


POWER PLANTS, AUTOMATIC. The 
Present Position of the Automatic Diesel- 
Electric Plant, E. J. Kates. Mech. Eng., vol. 
58, no. 7, July 1931, pp. 525-528,. 2 figs.; 
see also Power, vol. 73, no. 25, June 23, 1931, 
pp. 990-993, 4 figs. Paper before Am. Soc. 
Mech. Engrs., previously indexed from Advance 
Paper, for mtg. June 23-26, 1931. 


POWER PLANTS—COSTS. Report on 
Oil Engine Power Cost for 1930. Am. Soc. Mech. 
Engrs.,— Advance Paper, for mtg. June 23-26, 
1931, 5 pp. Information covering 81 oil-engine 
generating plants, containing 253 engines, 
totaling 146,865 rated b.hp. 


Electrical Engineering 


The High Tension Conference. Engineering, 
vol. 131, no. 3413, June 12, 1931, p. 773, 2 figs. 
Sixth session of International Conference on 
Large High Tension Systems will take place 
from June 18 to 27, in Paris; reports on follow- 
ing subjects will be presented: study of be- 
havior of transformer and other insulating oils; 
design and tests of oil circuit-breakers; parallel 
operation of power plants; investigation of 
surges; study of reactive power; grounding of 
neutrals; high-tension insulators and _ high- 
tension underground cables. 


BIBLIOGRAPHY. A Bibliography of Bib- 
liographies in Electrical Engineering 1918-1929, 
edited by K. Maynard, Providence, R.I., 
Special Libraries Assn., 1931, 156 pp., $1.50. 
List of references, without annotations, from 68 
serials, arranged alphabetical by subject head- 
ings, giving number of items. 


Electric Discharge 


AIR. Berechnung der  Anfangspannung 
zwischen kantigen Elektroden in Luft (Cal- 
culation of Initial Voltage Between Edged 
Electrodes in Air), W. Schilling. Arbeiten aus 
dem Institut fuer elektrische Messkunde und 
Hochspannungstechnik der Technischen Hoch- 
schulp Braunschweig, vol. 1, 1931, pp. 1-12, 
15 figs. Field distribution; general discharge 
conditions and their application in calculation 
for various positions and edge angles. 


MERCURY VAPOR. Electrical Discharges 
in Mercury Vapour and Their Control, H. de B. 
Knight. Rugby Eng. Soc.—Proc., vol. 25, 
pt. 1, 1930-1931, pp. 23-62, 7 figs. General 
features which are of importance in connection 
with prevention of backfiring in mercury-arc 
power rectifiers, and operation of thyratron. 
Bibliography. 


Electric Drive 


BLOOMING MILLS. Algoma Steel Cor- 
poration Modernizes Rail Mill, A. F. Kenyon. 
Blast Furnace and Steel Plant, vol. 19, no. 6, 
June 1931, pp. 832-835, 4 figs. Previously 
indexed from Elec. News, Apr. 1, 1931. 


ROLLING MILLS. The Twin-Motor Drive 
for Main Rolls, R. H. Wright and H. E. Stokes. 
Rolling Mill Jl., vol. 5, no. 6, June 1931, pp. 403- 
406, 4 figs. Development and advantages of 
this type of drive. Before Assn. Iron and Steel 
Elec. Engrs. 


Electric Light 


General and Supplementary Lighting Com- 
ponents, M. Luckiesh. Elec. World, vol. 98, 
no. 2, July 11, 1931, p. 74. Notwithstanding 
many factors involved in lighting for seeing, 
means available to lighting specialist for im- 
proving seeing are relatively few compared with 
those available to seeing specialist; among 
these, quantity of light, or foot-candles, is by 
far most effective for universal application. 


ULTRA-VIOLET. Diffusely Transmitting 
Media for Ultraviolet Radiation, M. Luckiesh. 
Elec. World, vol. 97, no. 26, June 27, 1931, 
pp. 1232-1233. Results of measurements of 
diffuse transmission for light and for ultra- 
violet radiation; measurements of ultra-violet 
transmission were made by use of blue fluoresc- 
ing attachment for Macbeth illuminometer, 
using sunlight ‘‘Mazda’’ lamp (S-1) as source 
of ultra-violet radiation. 


Electric Manufacturing Plants 


TIME-STUDY. UseofFormulasand Charts 
for Rate-Setting, G. J. Stegemerten. Factory 
and Indus. Mgmt., vol. 82, no. 1, July 1931, 
pp. 52-56, 4 figs. Compilation of set of time 
tables by Westinghouse Electric and Manu- 
facturing Co., East Pittsburgh, Pa. 


Electric Power , 


Electrical Home Service, E. E. Hoadley. 
Elec. Rev., vol. 108, no. 2795, June 19, 1931, 
p. 1028. Practical comment and experience of 
consumers point of view on cost of service; 


flat irons; heating; cooking; water heating; 
future; all-electric homes. Before Inc. Mun. 
Elec. Assn. 

Electrochemistry 


A Method for Determining the Change in 
Transference Number of a Salt with Change in 
Concentration; a Modification of the Moving 
Boundary Method, E. R. Smith. U.S. Bur. 
Standards—J1. Research, vol. 6, no. 6, June 1931, 
pp. 917-926, 5 figs. Junctions between solutions 
of same salt at different concentrations are 
formed and volumes through which junctions 
move during passage of known amounts of 
electricity are measured; method was tested for 
solutions of lithium, sodium, and potassium 
chloride. 


Electrolytic Oxygen 


MANUFACTURE. Markets for Gases Elec- 
trolyzed with Off-Peak Power, P. McMichael. 
Elec. World, vol. 97, no. 25, June 20, 1931, 


pp. 1182-1185, 3 figs. Outlets for oxygen well 
established; new hydrogen markets make elec- 
trolysis of water economically feasible; cell 
plant in conjunction with generating station to 
utilize off-peak power. 


Engineering 


INDUSTRIAL RELATIONSHIP. Co- 
ordinating Engineering with other Company 
Activities, L. E. Jermy. Machine Design, vol. 3, 
no. 6, June 1931, pp. 27-29. Procedure followed 
by eight companies using committees and 
conferences to broaden scope of activities of 
engineering departments. 


INFLUENCE ON CIVILIZATION.  Tech- 
nology and Material Progress, W. R. Whitney. 
Gen. Elec. Rev., vol. 34, no. 7, July 1931, 
pp. 403-405. Paper before Am. Philosophical 
poe: previously indexed from Science, May 8, 


Engineering Education 


Education for the Engineering Industry. 
Nature (Lond.), vol. 127, no. 3215, June 13, 1931, 
pp. 881-886. Review of report of Committee 
appointed by President of Board of Education 
to inquire into technical education for engi- 
neering industry. 


Engineering Ethics 


A New Code of Ethics Needed. Eng. News- 
Rec., vol. 106, no. 26, June 25, 1931, pp. 1036- 
1037. Editorial on necessity of revising 
engineering code of ethics, in such way _ that 
advertising and competition be recognized and 
proper limits set upon them; fees and compensa- 
tion may also need to come up for consideration. 


Furnaces 


ANNEALING. The Annealing of Metal 
Strip in the Continuously-operated Electric 
Furnace. Metal Industry (Lond.), vol. 38, 
no. 26, June 26, 1931, pp. 641-643, 4 figs. In 
addition to electrically heated muffle furnaces, 
specially designed types of furnace have been 
put on market, and in particular, so-called 
“‘pull-through”’ furnaces; as against short type, 
horizontal pull-through furnaces, where wages 
constitute higher portion of total operating costs, 
continuously working strip annealing plants with 
pickling trough, washing machine and drying 
furnace, are capable of meeting most exacting 
demands. 


ENAMELING. Economic Operation of 
Electric Enameling Furnace, M. Young. 
Elec. World, vol. 97, no. 25, June 20, 1931, 
pp. 1168-1170, 1 fig. Difference of nearly 13 
per cent in net rate for furnace energy from one 
month to next was disclosed by recent study of 
electric enameling operation in plant of Chicago 
Hardware Foundry Co. at North Chicago, II1.; 
difference was caused by varying incidences of 
furnace demand on total plant demand; charts 
epee effects of furnace load on customer’s 

emand. 


INDUCTION. Tonnage Melting by Core- 
less Induction—IV, E. F. Northrup. Fuels and 


ELECTRICAL ENGINEERING 


e 


Furnaces, vol, 9, no. 7, July 1931, pp. 833-838, 
3 figs. Stirring of metal and its control and 
power density of large and small furnaces. 


REFRACTORY MATERIALS. Refractory 
Materials for Electric Furnaces—III, A. B. 
Searle. Metal Industry (Lond.), vol. 38, no. 23, 
June 5, 1931, pp. 569-571. Nickel and its alloys, 
including nickel-chromium alloys and _ nickel- 
silver; fact that nickel has melting point of 1,452 
deg. cent. makes it necessary to employ, as 
materials for lining furnaces, those of greater 
refractoriness than ones used for copper and 
lead and their alloys. 


Refractory Materials for the Induction 
Furnace, J. H. Chesters and W. J. Rees. Iron 
and Steel Industry, vol. 4, no. 10, July 1931, 
pp. 347-348. Paper before Iron and Steel Inst., 
previously indexed from Engineering June 12 
and 26, 1931. 


STEEL MAKING. Use of Sillimanite as 
Material for Furnace Covers, M. F. Sommer. 
Blast Furnace and Steel Plant, vol. 19, no. 6, 
June 1931, pp. 861-864, 1 fig. Tests indicate 
that sillimanite is much more expensive than 
silica, and durability under most favorable 
conditions is about same; no evidence was 
forthcoming which would lead to belief that 
through improvements in process of manufac- 
ture of either sillimanite bricks or of cover 
rammed up with sillimanite clay, increase in 
durability might be attained which would even 
approximately correspond to price ratio. 


Generators 


PARALLEL OPERATION. Re-exciting 
Loaded Alternators in Parallel with Others, 
D. D. Higgins and E. Wild. Power, vol. 73, 
no. 26, June 30, 1931, pp. 1041-1042. In order 
to establish reasonably safe operating procedure 
for such emergencies and one that will reestab- 
lish normal conditions just as soon as possible, 
authors have collected data on experiences and 
statements for various sources and have deter- 
mined, by tests, behavior of large units under 
these abnormal conditions. Before Am. Inst. 
Elec. Engrs. 


REGULATION. Generator Voltage Regu- 
lated by Corona Tube, H. W. Dodge and C. H. 
Willis. Elec. World, vol. 98, no. 1, July 4, 1931, 
pp. 25-26, 4 figs. Characteristics of corona dis- 
charge tube make its critical voltage suitable for 
constant element in regulator; fact that it 
regulates to cqnstant peak voltage rather than 
constant effective voltage is not serious dis- 
advantage, for variation of wave form with load 
is not appreciable and there will therefore be 
pene form factor. Before Am. Inst. Elec. 

ners. 


SYNCHRONIZING. Correct Generator 
Synchronizing Insured by Auxiliary Control, 
J. Auchincloss. Elec. World, vol. 97, no. 26, 
June 27, 1931, p. 1214, 1 fig. Auxiliary switches 
on generator breaker control prevent faulty 
closing; wiring diagram. 


Limitations in Synchronizing, H. S. Baker. 
Hydro- Elec. Power Commission of Ont.—Bul., 
vol. 18, no. 6, June 1931, pp. 208-220, 23 figs. 
In hand synchronizing, limitations of speed 
difference and phase differences at moment of 
closure are learned in very crude manner; with 
automatic synchronizing it is possible to set 
above speed difference and phase difference 
limitations to known values; object of paper is to 
determine in rational manner values of these 
limitations in order to be able to make neces- 
sary adjustments to automatic synchronizing 
devices. 


.Hoover Dam 


CONSTRUCTION POWER LINE. Rush- 
ing the Power Line to Hoover Dam Site, 
R. H. Halpenny. Eng. News-Rec., vol. 106, 


no. 26, June 25, 1931, pp. 1054-1057, 5 figs. 
Rugged desert country crossed in 225 days by 
225 mi. 132 kv. transmission line from San 
Bernardino, Cal. to serve Hoover Dam con- 
struction activities digging 7 ft. holes for tower 
bases; four erectors and two helpers fabricated 
each 52-ft. tower piece by piece from ground up; 
stringing three conductors at same time. 


Hydroelectric Plants 


DROUGHT EFFECT. Drought of 1930 
Shifts Power Load to Steam Stations, G. T. 
Bogard. Southern Power Jl., vol. 49, no. 6, 
June 1931, pp. 34-38, 4 figs. Following three 
articles outline power generation difficulties 
experienced in south during 1930: Unparalleled 
Water Deficiency Seriously Affected Even 
Steam Stations, G. T. Bogard; High Steam 
Electric Capacity Solves Drouth Problems in 
West Virginia, G. Ellis; Excellent Maintenance 
Stood Virginia System in Good Stead, M. Cary; 
principal generating stations as of January 1, 
1931, Kentucky Utilities Company and Appa- 
lachian Electric Power Company; records of 
river flow and hydro power output for 1928, 
1929 and 1930. 


SEPTEMBER 1931 


_ MAINTENANCE AND REPAIR. Organiz- 
ing for Plant Operation and Maintenance, 
A. 8. Robertson. Hydro- Elec. Power Commis- 
sion of Ontario—Bul., vol. 18, no. 6, June 1931, 
pp. 190-200, 5 figs. Value of service shop; 
organization chart and proposed maintenance 
schedule and actual record in days for Queenston 
generating station; duties of operating staff; 
preparing maintenance schedules; reducing time 
and costs; example of detailed job for rewinding 
a large generator; assembly of several individual 
job schedule sheets covering major repair on 
large unit. 


NEW BRUNSWICK. The Economics of 
Power Plant Design, H. G. Acres. Contracl 
Rec., vol. 45, no. 24, June 17, 1931, pp. 731-734, 
8 figs. Brief description of plant, for Edmunds- 
ton, N. B., with 1,050-hp., high-speed, propeller- 
type, vertical turbine, direct-connected to 
1,000-kva., 3-phase, 60-cycle, 2,300-volt, 240- 
r. p. m. generator, with direct-connected exciter 
and Kingsburgh thrust-bearing. 


PUMPED STORAGE. High-Head 
Pumped-Storage Hydro-Electric Plant. Engi- 
neering, Vol. 132, no. 3417, July 10, 1931, p. 61, 
‘1 fig. New Plant at Sillre, town on River 
Indal, 220 mi. north of Stockholm; scheme is to 
employ power from existing plants, which is now 
suffered to escape in slack periods, to generate 
current which is to be transmitted to plant at 
Sillre, there to pump water up into storage 
reservoir. 


Insulators 


MANUFACTURE. The Manufacture of 
Porcelain Insulators. Engineer, vol. 151, no. 
3935, June 12, 1931, pp. 658-659, 5 figs. Plants 
of Bullers, Ltd., at Milton and Tipton, England; 
manufacturing process and equipment; research 
work carried out by Company; every type of 
insulator used in electrical industry for tele- 
graph and telephone work and for power work is 
made in Company’s factories, including cap and 
fee insulator strings used for 132-kv. grid 
ines. 


Lighting 


COLOR. Work-World Environments, M. 
Luckiesh. Mech. Eng., vol. 53, no. 7, July 1931, 
pp. 514-518. Light and color fundamentally 
desirable and powerful influences upon happi- 
ness; color schemes for factory interiors and 
machinery; economic value of pleasant environ- 
ments for workers. 


INDUSTRIAL. Good Lighting is a Good 
Investment, H. Chase. Jron Age, vol. 128, no. 2, 
July 9, 1931, pp. 84-87, 3 figs. Uniform illumina- 
tion without glare or deep shadows is unques- 
tioned aid in economical production work; 
examples show how properly designed system 
may result in enough saving to pay for equip- 
ment in less than year. 


MOTOR BUS. | Lighting Motor Buses and 
Coaches. Ry. Gaz., vol. 55, no. 1, July 3, 1931, 
pp. 19-20, 4 figs. Details of dynamo designed 
to give 12 volts, 25 amp. from 1,500 to 4,000 
r. p.m.; drivers switchboard; lighting controls 
for switchboard and interior lighting. 


_ SHIP. Pivoted Ship Sidelight. Engineer- 
ing, vol. 132, no. 3416, July 3, 1931, p. 28, 3 figs. 
New light introduced by J. Stone and Co., 
Deptford; sidelight is called stirrup light, as 
control is entirely effected by single stirrup- 
shaped handle. 


STREET. Street Lighting and _ Traffic 
Accidents, K. M. Reid. Elec. World, vol. 97, 
no. 25, June 20, 1931, pp. 1186-1188, 3 figs. 
Analysis of Police department records of Cleve- 
land, showed that traffic accidents in winter 
dusk exceeded midsummer’s frequency; what 
good lighting system has accomplished; relation 
of lighting to fatal traffic accidents; fatalities 
on State roads in relation to lighting; Indiana 
highway fatalities. Before Am. Soc. Mun. 

ners. 


UNITS. The Waidner-Burgess Standard of 
Light, H. T. Wensel, . KF. Roeser, L. E. 
Barbrow and F. R. Caldwell. U. S. Bur. 
Standards—JI. Research, vol. 6, no. 6, June 1931, 
pp. 1103-1117, 4 figs. partly on supp. plate. 
Source of light sufficiently reproducible to serve 
as fundamental photometric reference standard 
has been obtained by carrying out in original 
suggestion of Waidner and Burgess to immerse 
hollow inclosure in bath of molten platinum and 
to make observation during period of freezing. 


Lamps 


Characteristics of Electric Lamps as Modified 
by Modern Methods of Manufacture, L. E. 
Buckell. Machy. Market, no. 1599, June 26, 
1931, pp. 23-24. Early developments; intro- 
duction of metal filaments; gas-filled lamps; 
standardization; manufacturing methods; effects 
of small variations; uniformity of life; spiral 
Sey it Before Assn. Supervising Elec. 

ngrs. 


Measuring Instruments 


New Developments in Electrical Measuring 
and Auxiliary Testing Devices. Nat. Elec. 
Light Assn.—Pub., no. 128, June 1931, 43 pp., 
148 figs. Information concerning such devices 
and improvements which have been made avail- 
able during year. 


Meters 


Direct Current Meters, S.B. Warder. Elecn., 
vol. 106, no. 2769, June 26, 1931, pp. 941-942, 


4 figs. Characteristics of ampere-hour and watt- 
hour meters. 
SPECIFICATIONS. Summary of Public 


Utility Commission Rules and Regulations for 
Electricity Meters. Nat. Elec. Light Assn.— 
Pub., no, 132, May 1931, 20 pp. 


WATT-HOUR. Watt-Hour Meters, E. 
Fawssett. Elec. Rev., vol. 108, no. 2795, 
June 19, 1931, pp. 1043-1044. Latest induction 
watt-hour meters are compared with those of 
few years ago, while there is no outstanding 
change to record, there has been distinct progress 
in detail and in performance. 


Les compteurs Electriques a mercure (Mer- 
cury Watt Hour Meters), V. Neveux. Industrie 
Electrique, vol. 40, no. 935, June 10, 1931, 
pp. 253-261, 13 figs. Meters using mercury as 
low-friction material for pivoting; type of Fer- 
ranti Co., Chamberlain, Hookham, Compagnie 
pour la fabrication des compteurs, and San- 
gamo Electric Co.; applications. 


Summation Meters and Some New Appli- 
cations—1, C. W. Olliver. Power Engr., vol. 
26, no. 304, July 1931, pp. 270-273, 5 figs. 
Review of some modern summation equipment, 
with particular reference to their application 


to power station and other mechanical 
requirements. 
Motor-Generators 


Sur la régulation directe et les difficultés 
qu’entraine son etude (Direct Regulation and 
Difficulties in Its Analysis), Barbillion. Revue 
de L’ Industrie Mineralé, no. 250, May 15, 1931, 
pp. 171-185, 13 figs. In more general previous 
study (see Engineering Index 1930, p. 624), it 
was assumed that proportionality existed be- 
tween terminal voltage and variations in angular 
speed; in present article, application in cases 
of temporary disturbances is mathematically 
analyzed and some new approximately exact 
methods of calculation are given. 


Motor Trucks 


ELECTRIC. Electric Trucks. Nat. Elec. 
Light Assn.— Report, no. 138, June 1931, 12 pp., 
10 figs. Degree of electric truck use by electric 
utilities; application to transportation work; 
successful truck designs and battery combina- 
tions; data and opinions gathered from operating 
companies, 


Motors 


BRAKING. Brakes for Motors and Their 
Loads, H. M. French. Power, vol. 73, no. 26, 
June 30, 1931, pp. 1024-1026, 5 figs. Large 
amount of data available on starting motors 
and running them to suit particular application; 
lack of braking information; means of retarding, 
stopping and holding motors under various 
conditions of operation. 


INDUCTION—DESIGN. Theorie van den 
dubbel gekoppelden lek, in het bijzonder bij 
draaistroom-kortsluitankermotoren (Theory of 
Double Coupled Leak with Special Reference 
to Three-Phase Squirrel Cage Induction 
Motors), M. Van Der Veen. —Polytechnisch 
Weekblad, vol. 25, nos. 20 and 21, May 14, 1931, 
pp. 313-316, and May 21, pp. 329-334, 15 figs. 


Theoretical mathematical analysis. Bib- 
liography. 
LAMINATIONS. Production of Motor 


Laminations, R. L. Payne. Metal Stampings, 
vol. 4, no. 6, June 1931, pp. 481-486, 9 figs. 
Four different methods of preparing silicon steel 
in sheet form for production of motor lamina- 
tions and equipment used for their production; 
scrap economy in ultimate production of lamina- 
tions lies in method of preparing sheets. 


Paper Mills 


POWER FACTOR. Correcting Power Fac- 
tor While Grinding Wood Pulp, W. P. Lyman. 
Elec. World, vol. 97, no. 25, June 20, 1931, 
p. 1189, 1 fig. By applying synchronous ma- 
chines to motorization of dual-drive pulper 
equipment, Bogalusa Paper Co. of Bogalusa, 
La., was able to take advantage of power-factor 
clauses in purchased energy contracts and 
secure satisfactory operating performance. 


T0 


Permalloy 


Researches on the Rotation of Permalloy 
and Soft Iron by Magnetization and the Nature 
of the the Elementary Magnet, S. J. Barnett. 
Am. Academy Arts and Sciences—Proc., vol. 66, 
no. 8, June 1931, 348 pp., 46 figs. 


Photoelectric Cells 


Photo Cells and Thyratrons, L. J. Davies. 
Elecn., vol. 106, no. 2769, June 26, 1931, pp. 
936-938, 8 figs. Growing importance of vacuum 
devices; elements of cell; properties of thyratrons. 


Power Factor 


An Elementary Discussion of Power Factor, 
J. Leech-Porter. Can. Min. Jl., vol. 52, no. 23, 
June 1931, pp. 584-587, 3 figs. Preliminary 
contribution to question of power factor cor- 
rection; principles of power factor, which’are 
not very clear to men outside those who have 
specialized in electrical engineering, in simple 
and direct way. 


Power Industry 


Public Interest Demands Utility Mer- 
chandising. Elec. World, vol. 97, no. 25, 
June 20, 1931, pp. 1180-1181, 4 figs. Oregon 
utilities justify merchandising on grounds that 
consumers are entitled to maximum usage at 
minimum rates and furnish evidence proving 
that only through their activities has been made 
possible; graphs showing average annual use of 
electricity per domestic customers, average 
rate per domestic kw-hr., average annual kw-hr. 
use per domestic customer and decrease in 
average rate per domestic kw-hr. 


Power Plants 


STEAM-ELECTRIC. Foreign Develop- 
ments. Nat. Elec. Light Assn.—Pub., no. 131, 
May 1931, 38 pp., 53 figs. In general, trend of 
power-plant development is toward higher 
pressures and temperatures; American viewpoint 
of European situation is presented in composite 
statement of several engineers who attended 
World Power Conference, Berlin; peak-load 
problem; tendencies of modern German steam 
generation; trend of developments in central 
stations and equipments in England; Golpa- 
Zschornewitz plant of Elektrowerke Aktien- 
gesellschaft; tests on Ruths accumulator plant 
in Charlottenburg power station. Bibliography. 


Power Supply 


NEW YORK CITY. The Power Behind 
New York—II. Power Plant Eng., vol. 35, 
no. 13, July 1, 1931, pp. 702-707, 7 figs. Fea- 
tures of system operation; analysis and applica- 
tion of load curves; factors affecting system 
operation; determination of incremental rates; 
frequency and voltage regulation. 


RURAL. A Report on Farm Electrification 
Research. Committee on Relation Electricity to 
Agriculture—Bul., vol. 6, no. 1, June 1931, 
79 pp. Progress of investigations of different 
types which have been conducted; analysis of 
agricultural development; major economic and 
production problems in which electricity may 
be involved; plan and program for continuation 
of research activities; investigations under way 
and proposed; work done and need for further 
investigations in that particular field. 


Pumping 
PETROLEUM PIPE LINES. Electricity 
in the Transportation of Oil, G. R. Prout. Oil 


and Gas Jl., vol. 30, no. 2 to 4, June 4, 1931, 
(supp.) pp. T99 and T101, 7 figs. Review of 
reasons for tendency towards use of electric 
motors for pipe line pumping; gathering line 
and trunk line work; advantages of automatic 
operation; Diesel electric pumping stations; 
160,000 hp. in motor capacity is now installed 
in oil pipe line stations in central and southwest 
United States. 


Remote Control for Electric Stations, L. G. 
E. Bignell. Oil and Gas Jl. vol. 30, no. 2 to 4, 
June 4, 1931, (supp.) pp. T49-T50, 1 fig. Out- 
line of control system devised by Westinghouse 
Electric & Manufacturing Co.; one station 
equipped in Oklahoma. 


Motor Heat Controlled in New Sinclair Pump 
Station, J.C. Albright. Oil Weekly, vol. 62, no. 
2, June 26, 1931, pp. 25-26, 4 figs. Oklahoma 
City-Coffeyville line booster stations are all 
alike in design and equipment, with two Byron 
Jackson three-stage oil line pumps, Me arsed 
60,000 bbl. oil daily at 3,550 r.p.m.; eac 
pump connected by Fast’s self-aligning coupling 
to General Electric Type FT-559-AY form 
EL2,200-volt three-phase 60 cycle induction 
motor, delivering 500 hp.; normal operating 
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temperature 104 deg. fahr.; provisions for air 
circulation and hot air disposal. 


Radio 


AIRPLANES. Some Considerations Affect- 
ing Design of Aircraft Wireless Equipment, 
J. A. McDonald. Roy. Air Force Quarterly, 
vol, 2, no. 2, Apr. 1931, pp. 258-269, 4 figs. on 
supp. plates. Reliability and type of apparatus 
for signaling between aircraft in flight and be- 
tween aircraft and ground stations. 


Temperature Rating of Engine Driven Air- 
craft Radio Generators, OC. B. Mirick and H. 
Wilkie. Jnst. Radio Engrs.—Proc., vol. 19, 
no. 7, July 1931, ‘pp. 1175-1181, 11 - figs. 
Previously described methods of temperature 
measurement and computation are applied to 
engine driven aircraft radio generators in flight; 
observed and computed heating curves are 
shown from which emission constant for this 
type of machine has been derived. 


AMPLIFIERS. High Audio Power From 
Relatively Small Tubes, L. E. Barton. Inst. 
Radio Engrs.—Proc., vol. 19, no. 7, July 1931, 
pp. 1131-1149, 11 figs. Method by which audio 
outputs 5 to 10 times usual output of tube of 
given size may be obtained with same plate 
voltage, lower average plate dissipation, and 
no serious effects on tube; results are obtained 
by using in such manner that advantage is taken 
of essential features of class ‘‘B’’ amplifier. 


Note on Radio Frequency Transformer Coup- 
led Circuit Theory, J. R. Nelson. Inst. Radio 
Engrs.—Proc., vol. 19, no. 7, July 1931, pp. 
1233-1241, 4 figs. Equations considering effects 
of output and distributed capacities and pri- 
mary resistance are developed for radio-fre- 
quency transformer-coupled amplifiers using 
either tuned or untuned primary; these equa- 
tions are transformed to such form that they 
may be compared with well-known equations 
derived for untuned primary neglecting output 
and distributed capacities; equations for un- 
tuned primary are verified experimentally. 


AMPLIFIERS—COUPLING. Maximum 
Amplification in Capacity-coupled Circuits, 
W. van B. Roberts. lectronics, vol. 3, no. 1, 
July 1931, pp. 20 and 42, 2 figs. In analysis 
given only two approximations are introduced 
and neither of these is believed to be capable 
of making appreciable difference in any ordinary 
circuit. 

ANTENNAS, SHORT WAVE. ‘Theoretical 
and Practical Aspects of Directional Transmit- 
ting System, E. J. Sterba. Inst. Radio Engrs.— 
Proc., vol. 19, no. 7, July 1931, pp. 1184-1215, 
19 figs. More important principles involved in 
development of directional transmitting anten- 
nas at present employed in Bell system short- 
wave facilities; theoretical performance of 
directive arrays is presented by means of various 
curves which have been obtained by integrations 
based upon Poynting’s theorem; various prac- 
tical problems in development including antenna 
tuning procedure, transmission line adjustments, 
and sleet melting facilities. 


CIRCUITS—TUNING. Tuning by Perme- 
ability Variation, R. H. Langley. Electronics, 
vol. 3, no. 1, July 1931, pp. 8-10, 2 figs. Results 
of W. J. Polydorff studies and experiments by 
which is attained that variable air condensers 
are replaced by iron cores inserted gradually into 
radio frequency transformers; curve showing 
amplification and selectivity of screen-grid tube 
with iron core transformer; simple analysis is 
given. 


COILS—DESIGN. Supplementary Note to 
the ‘“‘Study of the High-Frequency Resistance 
of Single-Layer Coils,’’ A. J. Palermo and F. W. 
Grover. Inst. Radio Engrs.—Proc., vol. 19, 
no. 7, July 1931, pp. 1278-1280. Since publica- 
tion of above paper in Dec. 1930 number, in- 
dexed in Engineering Index 1930, p. 1415, 
attention of authors has been called to two 
articles on a-c. resistance of solenoidal coils by 
S. Butterworth, which were overlooked in 
preparation of paper; tabulated results show 
that for coils measured, Butterworth’s formula 
30 gives best agreement with measured values in 
all except few cases. 


DETECTORS. High Level Automatic or 
Self-Bias Detection, J. R. Nelson. Electronics, 
vol. 3, no. 1, July 1931, pp. 14-15, 3 figs. Circuit 
used for experimental determination of self-bias 
detection characteristics; calculation of rectified 
output; dynamic characteristics of typical self- 
bias detector; rectification curves of 27 detectors. 


FREQUENCY—MEASUREMENT. Fre- 
quency Measurement in the British Post Office, 
F. E. Nancarrow. Post O ffice Elec. Engrs.—QJ1., 
vol, 24, pt. 2, July 1931, pp. 155-159, 4 figs. 
In radio department of British Post Office, all 
frequencies are measured by reference to har- 
monic frequencies of tuning-fork maintained in 
Radio laboratories at Dollis Hill, Lond.; this 
fork can be regarded as Post Office standard 
of frequency; fork and temperature control; 
pressure effect. 


MEASURING INSTRUMENTS. Thermo- 
junctions at High Radio-frequencies, F. M. 


Colebrook, Experimental Wireless, vol. 8, 
no. 94, July 1931, pp. 356-361, 5 figs, Object 
of investigation was to obtain information about 
frequency variation of thermo-junction milli- 
ammeters; tube rectifier milliammeters was 
specially designed for purpose of inter-compari- 
son of thermo-junctions investigated and 
vacuum tube instrument. 


OSCILLATORS, PIEZOELECTRIC. Per- 
formance of Piezo-Oscillators and the Influence 
of the Decrement of Quartz on the Frequency 
Oscillations, M. Boella. Inst. Radio Eng. 
Radio Engrs.—Proc., vol. 19, no. 7, July 1931, 
pp. 1252-1273, 21 figs. Performance of piezo 
oscillators of usual Pierce circuits is treated, on 
basis of resonance curves of quartz and with 
help of vector diagrams; influence of decrement 
of quartz resonator on oscillation frequency is 
examined; study has led to arrangement which 
permits quartz to oscillate in proximity to its 
frequency of resonance and to reduce thereby 
influence of decrement on frequency to about 
1/10 of that usually found. 


TRANSMISSION. Notes on Radio Trans- 
mission, ©. N. Anderson. Inst. Radio Engrs.— 
Proc., vol. 19, no. 7, July 1931, pp. 1150-1165, 
16 figs. Considerable data on radio transmission 
have been obtained past few years in connection 
with establishment and operation of various 
radio-telephone services by Bell System; pur- 
pose of notes is to present certain aspects of some 
of these data which may be of interest in de- 
velopment of general physical picture of radio 
transmission and in indicating effects of distur- 
Lc a accompanying storms in earth’s magnetic 

eld. 


TUNING. Tuning by Permeability Varia- 
tion, R. H. Langley. Electronics, vol. 3, no. 1, 
July 1931, pp. 8-10, 2 figs. Results of W. J. 
Polydorff studies and experiments by which is 
attained that variable air condensers are re- 
placed by iron cores inserted gradually into 
radio frequency transformers; curve showing 
amplification and selectivity of screen-grid tube 
with iron core transformer; simple analysis is 
given. 


Railroad 


AUTOMATIC BLOCK SIGNALS. Com- 
mittee VIII—Alternating Current Automatic 
Block Signaling, W. F. Follett. Am. Ry. 
Assn,.— Proc. (Signal Sec.), vol. 28, no. 3, 
June 1931, pp. 487-490. Specifications covering 
made ground apparatus for lighting arresters; 
and oil-immersed self-cooled line transformers. 


Committee IV—Direct Current Automatic 
Block Signaling, E. N. Fox. Am. Ry. Assn.— 
Proc. (Signal Sec.), vol. 28, no. 3, June 1931, 
pp. 490-500. Condensation of moisture and 
formation of frost on signal apparatus; direct 
current track circuit test record; plug type rail 
bonds and track circuit connectors; rail bond; 
plug type; track circuit connector; relay contact 
post designation plate. 


INTERLOCKING SIGNALS. Committee 
IIi—Interlocking. Am. Ry. Assn.—Proc. (Sig- 
nal Sec.), vol. 28, no. 3, June 1931, pp. 501-506. 
Car retarder system; electric motor switch 
operating mechanism; centralized traffic control 
system; centralized traffic control machine; 
electric look; time release; interlocking lever 
circuit controller. 


ELECTRIC CONTROL SWITCHES. The 
Sheremeteff Electro-Gravity Point Mechanism. 
Ry. Engr., vol. 52, no. 617, June 1931, pp. 214- 
215, 5 figs. partly on p. 224. Details of system 
in use on London and North Eastern, whereby 
wheels of passing train provide necessary energy 
for operating pair of points; wiring diagram of 
operating mechanism. 


ITALY. 
Railway and the Great Apennine Tunnel. 
Engineer, vol. 151, no. 3936, June 19, 1931, 
PP. 676-680, 12 figs. Route has length of 97 km. 
with double track; maximum gradient is 1 in 83; 
stations are capable of accommodating trains 
500 m. long; longest tunnels are Great Apen- 
nine, 18,510 m., Monte Adone, 7,135 m., and 
Pian di Setta, 3,045 m. long; longest viaduct is at 
Vado, carried on 14 arches, each of 20 m. span; 
ventilation and methods of driving tunnels; 
line will be electrified on three-phase system at 
3,700 volts and 16% cycles, current being sup- 
pie from converter station at San Viola, 

ologna. 


ELECTRIFICATION — LACKAWANNA. 
Lackawanna Railroad. N. Y. Railroad Club— 
Of. Proc., vol. 41, no. 7, May 1931, pp. 9625- 
9660, 18 figs. Symposium of papers: Lacka- 
wanna Suburban Electrification in New Jersey, 
G. J. Ray; High Spots of Electrification on 
Lackawanna R.R., E. L. Moreland; Informa- 
tive and Interesting Description of Sub-Stations 
and Construction of Catenary System, J. S. 
Thorp; My Experience with Commuters, J. J. 
Pierce; Multiple-Unit Cars, Three-Power Loco- 
motives and Training of Employes for Delaware, 
Lackawanna and Western Railroad Electrifica- 
tion, E. E. Root. 


SIGNALS AND SIGNALING. Commit- 
tee X—-Signaling Practice, W. M. Post. Am. 


ELECTRICAL ENGINEERING 


The Bologna-Florence Direttissima 


Ry. Assn.—Proc. (Signal Sec.), vol. 28, no. 3, 
June 1931, pp. 455-479. Automatic train con- 
trol; locomotive cab signals; requisites for cen- 
tralized traffic control system, automatic block 
signal system and interlocking system. 


Rectifiers 


JET WAVE. The Jet-Wave Rectifier; 
An Account of Its Constructional Development 
During the Years 1919-1929, no. 24, edited by 
J. Hartmann, Copenhagen, Danmarks Natur- 
videnskabelige Samfund I Kommission Hos 

H.C. Gad. Vimmelskaftet 32, 1931, 300 pp., 
figs., diagrs., 30 kr. General principles; jet; jet- 
wave; hydrodynamic circuit; magnet; auxiliary 
electrode; main electrode I; main electrode II; 
complete rectifier; rectifier plant; this research 
work has undertaken with view of developing 
high power rectifiers on basis of jet-wave prin- 
ciple; history of this principle and of its develop- 
ment before and after 1919 is given in appendix. 


MERCURY-ARC. An Automatically-Con- 
trolled Rectifier on the London Underground 
Railway. Engineer, vol. 152, no. 3938, July 3, 
1931, pp. 19-20, 7 figs. Rectifier installed by 
B. T. H. Co. in Hendon substation of London 
Electric Railway OCo.; among special features, 
are: indestructible construction of anodes and 


anode enclosures, six-phase excitation, and 
accurate temperature control. 

Mercury-arec Rectifiers, H. Rissik. Elec. 
Rev., vol. 108, no. 2794, June 12, 1931, pp. 


991-92, 6 figs. Recent developments in their 
application to heavy-duty work. 


Refrigeration 


_ Electric Refrigerators and Electric Refrigera- 
tion, C. H. Roe. Ice and Refrig., vol. 80, no. 6, 
June 1931, pp. 473-474, Advent of electric 
refrigerators stimulated refrigeration industry; 
importance of information on performance and 
costs; standardization of household refrigerators. 
Before Nat. Electric Light Assn. 


Resistance 


GROUND. Guessing Ground Resistances Is 
a Risky Procedure, 8S. W. Borden. Elec. World, 
vol, 97, no. 25, June 20, 1931, p. 1172. Tests 
were made recently on steel tower line located 
where earth for some depth consists of sand and 
gravel; four tower legs, which form 15 ft. square, 
are buried directly in ground and each tower 
carries two three-phase, 66-kv. circuits; results of 
various measurements are given. 


Substations 


AUTOMATIC. Automatic Switching 
Equipment for Motor-generator Sets at the 
Campbell Works of the Youngstown Sheet & 
Tube Company, C. M. Myers and J. H. Graft. 
Gen. Elec. Rev., vol. 34, no. 7, July 1931, pp. 
431-435, 7 figs. Central substation was erected 
in 1926; in selection of switching equipment for 
motor-generator sets; location for equipment; 
attendants available; importance of maintain- 
ing continuous power on all feeders; simplicity 
pf campiiens:, justifiable cost are to be con- 
sidered. 


DESIGN. Meeting Space Limitations in 
Urban Substations. Elec. World, vol. 97, no. 26, 
June 27, 1931, pp. 1224-1229, 18 figs. Various 
basic principles of design affecting space allo- 
cation and number of detailed features of 
economical treatment in equipment placement 
by power companies in eastern New England are 
cited; table showing clearances according to 
operating voltages; used by Boston Edison Co. 
station engineering department, 


Substation Expansion Typifies Economy of 
Designing for Future Requirements, A. Shipek 
Elec. West, vol. 66, no. 7, June 1, 1931, pp. 610- 
611, 3 figs. Design features of terminal sub- 
stations of Puget Sound Power and Light Co. 
Seattle, Wash. 


Switchboards 


SUPERVISORY CONTROL. Miniature 
Supervisory Control Gives Creditable Per- 
formance, R. M. Stanley, Elec. World, vol. 98, 
no. 1, July 4, 1931, pp. 22-25, 2 figs. With 
miniature switchboard operator is at all times 
closer to indicating instruments, control 
switches, etc., and can give better and closer 


supervision to operation of equipment, resulting ° 


in better voltage control, frequency control and 
division of load among generating units; there 
is great saving in time during regular operation 
and human error is largely eliminated. Before 
Am. Inst. Elec. Engrs. 


Switchgear 


Switchgear, H. Astbury. Engineer, vol. 151, 
no. 3936, June 19, 1931, p. 680. Discussion on 
rupturing capacity of extra-high-tension and 
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low-tension switchgear to be installed on cus- 
tomers’ premises. Before Instn. Elec. Engrs. 


Telephone 


AUTOMATIC. _Common Control System, 
R. Taylor and C. E. Beale. Post Office Elec. 
Engrs.—ZJl., vol. 24, pt. 2, July 1931, pp. 125- 
131, 6 figs. In Common Control System, transi- 
tory functions are performed by detached groups 
of relays, each group being arranged to control 
number of switches; to switches themselves are 
fitted only relays that are required for full dura- 
tion of call, plus one relay that serves to link up 
MS common control group during setting up of 
call. 


CONDENSERS. ‘Telephone Condensers, 
R. E. W. Maddison and S. Chapman. Elec. 
Communication, vol. 10, no. 1, July 1931, 
pp. 39-44, 3 figs. Production and properties of 
paper condensers, no theories of dielectrics are 
included; electrodes; paper; materials; impreg- 
nating medium; process of manufacture; 
*‘Mansbridge’’ Condensers; electric properties; 
capacity; power losses; life tests. 


RELAYS. Characteristics of Strowger Re- 
lays, K. W. Graybill. Telephone Engr., vol. 35, 
no. 6, June 1931, pp. 30-31, 4 figs. Various 
methods used to determine mechanical adjust- 
ment values of horizontal relays together with 
reference tables governing these values. 


TRANSOCEANIC. International Tele- 
phony, H. 8S. Osborne. West. Soc. Engrs.—JI., 
vol. 36, no. 3, June 1931, pp. 148-160, 9 figs. 
General description, of apparatus and charac- 
teristics of its operation. 


Testing Apparatus 


HIGH TENSION. High-Voltage Testing 
Equipments, E. T. Norris and F. W. Taylor. 
Instn. Elec. Engrs.,—Jl., vol. 69, no. 414, June 
1931, pp. 44-694, 26 figs. State of art of high- 
voltage generation, to assist intending pur- 
chasers of high-voltage testing equipments in 
deciding upon best type of apparatus to install 
and in specifying most suitable technical 
characteristics, and to help owners and operators 
of existing equipments to appreciate possibilities 
and limitations of their apparatus and thereby 


make full and efficient use of it. Bibliography. 
Transformers 
TAP CHANGERS. Transformer Tap 


Changing on Load. Engineer, vol. 151, no. 3937, 
June 26, 1931, pp. 704-706, 13 figs. With view 
to meeting demand for step switches for pressure 
regulation on Load, Oerlikon Co. has utilized its 
experience gained in connection with traction 
gear, and has evolved various types of apparatus. 


VAULTS. Typical Construction in Under- 
ground Transformer Installations, J. D. Pease. 
South. Power Jl., vol. 49, no. 6, June 1931, 
pp. 57-58, 3 figs. Constructional features of 
three installations of commercial and industrial 
transformer stations in underground rooms. 


Transmission 
Is A-C. Power Transmission Doomed? 
C. W. Oliver. Power Engr., vol. 26, no. 303, 


June 1931, pp. 210-211 and 229, 2 figs. A-C. 
power transjission was necessary evil, imposed 
by impossibility of static transformation; 
recent progress, by removing this obstacle, may 
well turn a-c. transmission lines into relics of 
past; series systems; field of application of d-c. 
generating system; advantages of d-c. long- 
distance transmission. 


Transmission and Distribution 


Transmission and Distribution, J. R. Beard 
and J. Hacking. Jnstn. Elec. Engrs.—QJl., vol. 
69, no. 414, June 1931, pp. 730-750. Brief 
account of present-day practise in regard to 
various component parts of transmission and 
distribution systems; subjects are dealt with 
under heads: overhead lines; cables; switchgear; 
transformers; protection and control. Bib- 
liography. 


Transmission Lines 


CONSTRUCTION. Construction Methods 
in Erecting Hydro 220,000-v. Transmission 
Lines, G. R. Greer. Elec. Canada, vol. 8, no. 3, 
Mar. 1931, pp. 10-17, 8 figs. Construction ex- 

erience and methods on line Catineau-Toronto 
in Canada. 


TOWERS. ‘Transmission Tower Design for 
Maximum Lightning Protection, C. L. 
Fortescue. Elec. Canada, vol. 8, no. 3, Mar. 


1931, pp. 18-23, and 32, 8 figs. Design analysis, 
curves showing effect of ground resistance with 
surge at tower for two and three ground wires; 


comparison of time-lag curves or sphere gaps 
and needle gaps; method of finding effective 
distance from ground wire to cloud; suggested 
arrangements when two ground wires are used; 
extrapolated average time-lag curves for needle 
gaps in air; time-lag curves of suspension insu- 
lators, with conductor positive. 


Trolleys 
TRACKLESS. The Trolley Bus as a Load 
Builder. World Power, vol. 15, no. 90, June 


1931, pp. 465-469, 12 figs. Question of sub- 
stituting trolley-bus or motor-bus service for 
street-car system; overwhelming economic 
advantages of trolley-bus service; analysis made 
of significance of street-car; load to electricity 
supply position in general and to municipal 
undertaking in particular. 


Turbo-Generators 


ROTORS. Turboalternator Rotors, W. R. 
Needham, World Power, yol. 15, no. 89, May 
1931, pp. 375-376. General progress in rotor 
construction; influence of mechanical stresses 
on design. 


U. S. INTERSTATE COMMERCE COM- 
MISSION. Engineering in Its Relation 
to the Interstate Commerce Commission, 
F. McManamy. Mech. Eng., vol. 53, no, 7, 
July 1931, pp. 503-509. Creation, organization, 
and duties of Commission; work of its various 
bureaus, including services of engineers in 
valuation, analysis of expenditures for equipment 
maintenance, and extensions; examination of 
specifications for locomotives, safety devices, 
etc.; determination of suitability of containers 


for transportation of explosives, etc. Before 
Am. Soc. Mech. Engrs. 
Vacuum Tubes 

RESEARCH. Electronic Tubes in the 


Laboratory. Electronics, vol. 3, no. 1, July 1931, 
pp. 24-25, 4 figs. Symposium of short notes by 
‘W. O. Watson, on Calibration of Grid Gain 
Controls; Glow-tubes Check Operating Voltage, 
by Gray Telephone Pay Station Co.; Progress 
in South Analysis and Measurement, F. Tren- 
delenburg, of Siemens, Berlin; Graphic Noise 
Level Recorder, by Bell Telephone Laboratories. 


Welding 


BOILER MANUFACTURE. Boiler Manu- 
facturers Discuss Welding at Annual Meeting. 
Boiler Maker, vol. 31, no. 6, June 1931, pp. 151- 
157. Application of fusion welding to construc- 
tion of boilers and pressure vessels discussed at 
convention of American Boiler Manufacturers’ 
Association; charts summarizing production of 
steel boilers from 1919 to 1930 inclusive; smoke 
prevention conference committee; cost account- 
ing committee report; auxiliary equipment; work 
of feedwater studies committee; report of weld- 
ing committee and discussion. 


HOUSES, STEEL. An Arc-Welded Resi- 
dence. Gen. Bldg. Contactor, vol. 2, no. 7, July 
1931, pp. 33-36, 4 figs. Construction of two- 
story, six-room dwelling erected of arc-welded 
steel panels at Larchmont, N. Y. 


PIPE LINES. Progress Made in Electric 
Are Welding, C. M. Taylor. Oil and Gas J1., 
vol. 30, no. 2 to 4, June 4, 1931, (supp.) pp. 
T115-T116 and T118, 10 figs. Advantages of 
new welding process are explained by vice 
president of Lincoln Electric Co.; shielded arc 
produces welds of high tensile strength, ductility 
and resistive to corrosion; greater welding speed 
is obtained. 


PRESSURE VESSELS. Fusion Welding 
and Its Use in Pressure Vessel Construction, 
W. D. Halsey. Boiler Maker, vol. 31, no. 5, 
May 1931, pp. 125-126. Because of recent 
rapid development in fusion welding, American 
Society of Mechanical Engineers’ Boiler Code 
Committee has in course of preparation, code 
covering use in pressure vessel construction; 
attitude of insurer of such vessels towards proc- 
ess, and procedure to be followed in applying 
coverage for installations of such character. 


SHIPBUILDING. Welded Machinery 
Foundations for Ships, G. H. Moore, Jr. 
Welding J1., vol. 28, no. 333, June 1931, pp. 172- 
175, 15 figs. Paper before Am. Welding Soc. 
previously indexed from their Journal, Apr. 


Welds 


STRESSES. The Distribution of Stresses 
in Welded and Riveted Connections, W. Hov- 
gaard. Nat. Academy Sciences—Proc., vol. 17, 
no. 6, June 1931, pp. 351-359, 6 figs. Results of 
tests made at Massachusetts Institute of Tech- 
nology; fundamentals of method. See reference 
to paper indexed in Engineering Index 1930, 
p. 1900, from issue of Nov. 15, 1930. 
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Industrial Notes 


Carbon Brush Dimensions to be Sim- 
plified.—A meeting of the standing 
committee in charge of Simplified Prac- 
tice Recommendation R56-28, Carbon 
Brushes and Brush Shunts, was held at 
the office of the National Carbon Com- 
pany in Cleveland, Ohio, on July 28, 1931. 
Those present represented manufacturers 
of carbon brushes and brush shunts, 
motor and generator manufacturers, and 
users of motors and generators. The 
committee voted to reaffirm all items in 
the present recommendation with the 
exception of brush dimensions. In the 
opinion of the members, a further sim- 
plification of dimensions could be agreed 
upon by all parties concerned within the 
next few months. The committee there- 
fore voted to hold in abeyance the publi- 
cation of a revised recommendation until 
the new list, showing a smaller number of 
brush dimensions, had been approved by 
manufacturers of brushes, and of motors 
and generators. It is expected that this 
will be done within the next three months, 
and will result in largely reducing the 
number of stock items catalogued by all 
manufacturers. 

The committee further voted to include 
in the revised recommendation certain 
additional definitions, together with a 
table showing the nomenclature recently 
adopted by the brush manufacturers to 
indicate the various standard types of 
shunt connections. It is also hoped that 
a further reduction can be made in the 
number of shunt lengths. Some of the 
manufacturers have already reduced the 
number of lengths from six to three. As 
soon as the necessary approval has been 
secured from the various associations 
interested, the final revision will be sub- 
mitted to the division of simplified 
practice, which will then undertake to 
secure the written acceptance of the 
entire industry, in accordance with the 
regular procedure. 


Pittsfield to Build Largest Trans- 
formers.—The largest transformers ever 
built at the Pittsfield works of the Gen- 
eral Electric Company will be constructed 
for the Commonwealth Edison Company 
of Chicago and the Super Power Com- 
pany of Illinois as part of an order for 
more than $1,000,000 worth of equip- 
ment. Delivery of the 20 transformers 
involved is expected early in 1932. So 
large are eight of the units that special 
drop-frame transformer cars must be 
built to ship them. The transformers 
will be used on both ends of a new 
220,000-volt transmission line extending 
about 100 miles from Powerton to the 
Crawford Avenue station of the Common- 
wealth Edison Company at Chicago. 
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For the receiving end, there will be re- 
quired four 67,500-kva. power trans- 
formers and four 50,000-kva. regulating 
transformers. The power units, the 
heaviest, will weigh 491,000 pounds each, 
filled with oil. 

Physically they will rival other big 
units made at the Pittsfield works in 
recent years. They will be 30 feet high 
overall, 27 14 feet long and 1914 feet wide. 
In addition to these power units for the 
receiving station, there will be four 
regulating units, of 50,000-kva. output 
each, somewhat smaller in size and 
weighing 146,000 pounds each. At the 
sending end of the line there will be four 
600,000-kva. units, weighing 406,000 
pounds each, and eight 30,000-kva. 
regulating transformers weighing 75,000 
pounds each. 


Large Switch Order to Delta-Star.— 
The Pennsylvania Railroad Company 
has awarded the Delta-Star Electric 
Company, Chicago, a $150,000 contract 
for manual and motor operated dis- 
connecting switches to be used on the 
railroad’s extensive electrification project. 


New Cap Type Connector.—The W. N. 
Matthews Corporation, St. Louis, an- 
nounces the addition of cap type con- 
nectors to its line of solderless service 
connectors. Matthews connectors are 
now made in two styles, the new cap type 
and the nut type. The following ad- 
vantages are claimed for the new con- 
nector: There are only two pieces to 
handle; the clamping lugs are made of 
bronze; hard drawn copper wire instead 
of soft drawn wire may be used. Bad 
connections are eliminated; it can be 
used much more economically for heavy 
loads where twisting large wires is 
difficult; radio interference due to twisted 
tap wires becoming loose is eliminated, 
because positive contact is assured and 
vibration will not cause loosening of the 
connector. 


New Friction Tape.—The mechanical 
sales division of the B. F. Goodrich 
Company recently announced the de- 
velopment of a new friction tape espe- 
cially designed for electrical use. The 
tape is similar to inner type patching 
material and practically vuleanizes in 
place after applied, making a solid cover- 
ing for wire. The tape is listed by 
insurance underwriters and is approved 
for electrical purposes as taking the place 
of both insulating material and ordinary 
cloth tape, according to the manufacturer. 
The tape is so designed that it can be 
rolled lengthwise around electrical con- 
ductors, and is especially applicable to 


wiring where it is difficult to wrap the 
wire. It is made in 34 inch and 1% inch 
widths, packed in rolls. 
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Wire Rope.—Catalog, 280 pp. De- 
scribes the complete line of Roebling wire 
rope and wire for all purposes. Wire 
tables are included. John A. Roebling’s 
Sons Company, Trenton, N. J. 


Panelboards.—Bulletin CA-505-A, sup- 
plement, 8 pp. Describes new Square D 
shallow type convertible safety panel- 
boards with capacities up to and including 
100 amperes, 250 volts. Square D Com- 
pany, Detroit. 


Speed Regulators.—Bulletins 1101, 
1102. Describe ventilated and totally 
enclosed type speed regulators for use 
with constant torque and variable torque 
a-c. and. d-c. fractional horsepower 
motors. Ward Leonard Electric Com- 
pany, Mt. Vernon, N. Y. 


Metal Enclosed Switchgear.—Circular 
1915, 12 pp. Lists the installations of 
Westinghouse metal enclosed switchgear, 
includes photographs and descriptions. 
Circular 1899, 8 pp., describes this 
class of equipment in detail. Westing- 
house Electric & Mfg. Company, East 
Pittsburgh. 


‘Frog Leg’? Type Armature Wind- 
ings.—Bulletin 2135, 4 pp. Describes 
this type of armature windings for multi- 
polar, direct-current generators and mo- 
tors. Such windings have been installed 
to date in over 500 units ranging in size 
from 50 kw. to 7,000 hp., totalling ap- 
proximately 400,000 kw. Allis-Chalmers 
Manufacturing Company, Milwaukee. 


Switchboards.—Bulletin 700, 90 pp. 
Includes specifications and design of 
Diamond ‘“E’”’ and Square D_ switch- 
boards and panelboards. A _ detailed 
group of recommendations are outlined 
for dead front, live rear and dead front, 
dead rear switchboards and power panels. 
Diamond Electrical Manufacturing Co., 
1318 EK. 16th St., Los Angeles. 


Insulators.—Catalog. Describes the 
complete line of Lapp insulators. It con- 
tains full data on electrical and mechan- 
ical characteristics, together with sug- 
gested applications. Insulator hardware 
is also covered. The catalog has an 
automatic index which enables the user 
to quickly find the product sought. A 
special section on distribution and farm 
lighting equipment is included. Lapp 
Insulator Company, Inc., LeRoy, N. Y. 
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HE purchase of 

the principal 
assets of American Brown Boveri 
Co., Inc., by Allis-Chalmers Man- 
ufacturing Company, is now com- 
plete. This is the last time the 
“A.B.B.” trademark will appear, 
for the name “‘American Brown 
Boveri’’ will be discontinued. 

- But it is not the intention of 
Allis-Chalmers to submerge the 
identity of American Brown Bo- 
veri equipment. The principal 
lines of electrical apparatus, rail- 
way, and blower equipment will 
continue to be manufactured with 
the same distinctive characteris- 
tics. 

The key men of American 
Brown Boveri are now with Allis- 
Chalmers. They bring with them 
their engineering skill, their vast 
experience, their outstanding 
craftsmanship, and their record 
of brilliant achievement. 

They are free to work under 
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the same patents and franchises, 
backed by the research and old 
world experience of Brown Bo- 
veri & Co., Ltd., of Baden, 
Switzerland. They are supported 
by Allis-Chalmers resources and 
facilities. They will continue to 
build American Brown Boveri 
equipment under the name of 
Allis-Chalmers. 


The capital stock of Condit 
Electrical Manufacturing Corpo- 
ration has also been purchased; 
but this company will manufac- 
ture its splendid oil switches, 
circuit breakers, and other equip- 
ment as a separate subsidiary 
company, with its own selling 
organization. 

The acquisition of these new 
lines will round out the Allis- 
Chalmers service to the electrical 
industry; so that Allis-Chalmers 
can now offer practically every 
major form of power or elec- 
trical equipment. 
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YOU CAN ALWAYS DEPEND ON 


EXACO REGAL OILS 


ANY things can happen to a turbine lu- 
M bricant. The value of that lubricant over a 
period of years and the cost of turbine lubri- 
cation depend on how well the oil resists phys- 
ical change and holds the effective lubricating 
qualities unimpaired. Nothing less than the 
finest turbine oil the market affords is good 
enough for these important power units. @ 
Texaco Regal Oils are notable 
for their resistance to oxida- 
tion, emulsification and sludg- 
ing. They are free from all 
gum-forming impurities. They 


are used today in a large per- 


TEXAC 


THE TEXAS COMPANY 


135 East 42nd Street, New York City 
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centage of the country’s turbine operated 
power plants. e The quality of these oils, com- 
bined with the regular periodic laboratory 
check-up, which is a valued part of Texaco 
Lubrication Service, insures the highest type 
of effective lubrication always. ¢ You will find 
that the proper grade of Texaco Regal Oil 
will entirely eliminate lubrication difficulties 
and uncertainty. There is a vis- 
cosity for every type and size of 
turbine, and Texaco lubrica- 
tion engineers will gladly help 
you specify exactly the right 


grade for your machines. 


ba” REGUS. PAT. OFF. 


LUBRICANTS 
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Why Limit Flexibility 
to the Overhead? 


Tine in solid may be all 
right in some cases but many 
operating men now want the 
additional safety and system 
flexibility provided by G&W 
Underground Cable Boxes, G&W 
Disconnecting Potheads and 
G&W’'s various types of switches. 


G&W Boxes are made up of simplified 


G&W type “H’” 5000 volt box provides unit parts to suit any local conditions. 
means for disconnecting branch circuits ks 
from through run of main. Mains are assem- They are easy to install and operate. They 
bled in Tee heads without cutting copper . . 

oat eae are water-tight on the job because they 


are air-tested at the factory. 


Gé&W type “’S” Disconnecting Potheads 
are as effective underground as they are 
on overhead service. These potheads 
will operate satisfactorily even though 
entirely submerged. 


G&W has many types of switches easily 
adapted to your own requirements. Let 

5 us work with you to give you exactly 
Primary transformer connections made 


through G&W type “S” Disconnecting what you want. 
Potheads. 


You, too, may find this extra margin of safety and con- 
venience a real asset in times of emergency and 
expansion, or when layout changes are necessary. 


Let G&W work with you 


Potheads * Subway Boxes 7” Cable Terminal Devices 7 Automatic Transfer Switches 


GW Electric Specialty Co. 


7780 Dante Avenue, Chicago 4 Representatives in kf Cities 
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shore” poe WEIGHT REDUCTION 


EIGHT is an important factor in 

transmission line costs. Initial ex- 
venditures for and maintenance of heavy 
materials is obviously more costly than 
for similar materials in which a marked 
reduction in weight has been effected. Yet 
unless carefully controlled in design and 
manufacture, light-weight materials can 
become far more expensive to maintain. 


Far-reaching effects in building and oper- 
ating economies may result from the new 
light-weight O-B suspension clamps— 
which offer weight reduction of from 20 to 
30%. This new line, in sizes to accommo- 
date from 2-0 to 795,000 C.M. A.C.S.R. 
conductor with armor rods, or any other 
conductor of comparable sizes, has been 
designed with a correctly curved cable 
seat to best serve these conductors. 
By incorporating into the new clamps a 
more compact design, they not only offer 
less weight, but also provide for minimum 
wire fatigue, the lighter weight having a 
tendency to reduce conductor vibration 
effects at the clamp. 


By employing O-B Flecto malleable iron 
the metal sections have been appreciably 


a Featu re of these New 


reduced in thickness, without danger of 
weakness or embrittlement—the Flecto 
process providing in these new clamps a 
greater ductility, higher tensile strength 
and maximum resistance to corrosion. 
Reports of technical societies, and indi- 
vidual research have shown that mallea- 
ble cast iron has the highest corrosion- 
resisting properties of any of the low-cest 
ferrous metals. 


Yet, with this new design and lighter 
weight, none of the advantages of earlier 
designs have been omitted. The spherical 
design principle which has always added 
so much to the electrical efficiency of the 
clamp is fully adhered to; with the proper 
mechanical strength to meet the maxi- 
mum requirements of the conductors for 
which this new light-weight line has been 
designed. 


Any investigation into weight reduction 
and longer conductor life will be more 
complete if full information on the new 
light-weight O-B suspension clamps is 
available. Your O-B representative can 
supply this information, or you can ob: 
tain complete details by addressing 


OHIO BRASS COMPANY 


Mansfield, 


Canadian Ohio Brass Co. Limited 


Ohio, U.S. A. 


Niagara Falls, Ontario, Canada 


New York + Philadelphia + Boston ° Pittsburgh * Chicago ° Cleveland « St. Louis - Atlanta + Dallas - Los Angeles + San Francisco * Seattle 
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YOU CANT 
DENY If 


RECORDS 


such as these demonstrate the 
interrupting capacity of our new 


DR-line. 
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CONDIT ELECTRICAL MFG. CORPORATION 
Boston, Massachusetts, U.S. A. 
Types DR-25, DR-40, DR-60, DR-100 and DR-140, 15000 volt service or less 
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MINERALLAC 
STATISCOPES 


Safety Devices for the Protection of the 
Electrical Worker 


STATION TYPE 


Recommended for use in 
Stations and Substations. 

Made from hard rubber rod, 
24 inches long. Gives positive 
indication on 2000 volts and up. 

Direct contact is not neces- 
sary as the instrument will indi- 
cate at a distance. 


STATION TYPE—indicating on outside of 2300 
volt rubber-covered insulated wire. Direct contact 
Pocket, Station and Overhead Statiscopes is made with the outside of insulation. 


MINERALLAC ELECTRIC COMPANY 
25 No. Peoria St. Chicago, Ill. 


Send the coupon for details 


MINERALLAC ELECTRIC COMPANY 
25 North Peoria Street 
Chicago, Ill. 


Gentlemen: Please send me complete details of your Minerallac Statiscopes. 


Pocket 
Type 
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ee.. several things you should 


know. 


Insulators aren’t made by guess- 


work or by some unfounded 


theory. At least good insulators 
aren’t. Now here are some of the 
factors that have contributed 


largely to the satisfactory per- 
formance of Locke Insulators: 


A. Porcelain body—practicall y 
unchanged for fifteen years. 

B. Full cornered head giving full 
electrical strength at a critical 
place. 

C. Socket type insulators have a 
specially designed deep socket 
which prohibits accidental 
uncoupling. 

D. Standard cotter key in socket 
type insulators. Both leg ends 
bent holding key central. Can- 
not be pulled all way out. 

E. Resilient compound allowing 
cap alignment under load and 
freedom from damage under 
temperature changes. 

F. Washer of resilient material. Prevents 
damage from accidental blows on bolt in 
shipment or handling. 

. Multiple stepped bolt used by Locke with 
no change for sixteen years. 

. Cap shaped by test to give best load distri- 
bution to porcelain. 

Corrugations rugged—not easily chipped. 


. Short corrugation clears cap below and pre- 
vents radio interference. 


mm 26 OW 


a. 


M. Ball bolt turned true from specification 
copper-bearing steel. (Load pound value 
80,000 Ibs. per square inch minimum). 
Eye bolt in clevis type insulators produced 
by special machinery from same stock. 


FE 
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O. Sanded reglazed surfaces coated with a 
resilient compound to increase strength. 

V. Expansion joint between cap and porcelain. 

X. Cement of minimum radial thickness. Sur- 
face water-proofed to prevent possibility of 
water entering the pores of the cement and 
freezing. Coating also retards corona for- 
mation. 


Those aren’t just so much sales talk. They’re 
features which have been definitely proved by 
time. Insulators of this general design have 
been giving one hundred per cent satisfaction 
for almost twenty years. And the standards 
that made this performance possible are stand- 
ards which we shall always maintain. 


LOCKE 


PORCELAIN 


LOCKE INSULATOR CORPORATION 
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220,000 Volts Underground ? 
With oil-filled cable 


any overhead voltage 
can now be transmit- 
ted underground. 


Above, termination of 132 Kv. oil- 
filled cable. Right, typical installa- 
tion of condenser type joints, factory 
made and factory tested, requiring 
only assembly in the field. 


\ 
tion may be eliminated through shorter routes, and 


Bos demands the overhead transmission of 


large blocks of power over long distances at ex- 
tremely high voltages. The termination of these lines 
in centers of dense population necessitates high volt- 
age underground cable... and General Cable’s Oil- 
Filled Cable is the answer. It admirably fills the 
present day need for an economical connecting link 
between these high voltage overhead lines and 
distribution centers. Underground and submarine 
transmission voltages above 75 kv. are now possible 
only because of the oil-filled principles of construc- 
tion. It is the only reliable method of elimi- 


costly substations may be avoided by directly con- 
nected overhead lines and underground cables. This 
justifies the cost of the cable construction and in- 
creases the reliability of the system due to elimi- 
nation of failures incident to lightning or other 
troubles common to overhead lines. The perfect 
operating record of oil-filled cable has never been 
equalled before on cables at any voltage. 

General Cable manufactures a complete line of 
cables, terminals and joints developed especially 
for oil-filled cable systems operating at volt- 
ages up to 220 ky. A General Cable engineer 


nating the hazards of these extremely high 
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voltage overhead lines. will gladly discuss with you any phase of high 


In many cases, miles of overhead construc- voltage underground transmission. 


GENERAL CABLE CORPORATION 


EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK ° OFFICES IN PRINCIPAL CITIES 
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Lapp’s new Catalog 


Outstandingly Convenient 


In preparing this new Lapp Catalog, we first 
asked power company engineers, “What would 
be an ideal catalog from your practical stand- 
point?” Their recommendations have been 
embodied in this edition. Here are a few of 
the convenient features: 

1. Complete, Concise Information—Full data on 
electrical and mechanical characteristics, ma- 
terial, glaze, marking, weights, etc., together 
with suggested applications. 

Logical Arrangement—Allied items definitely 
grouped according to use, i.e. suspension insula- 
tors, clamps, connectors, yokes, arcing devices, 
etc., are in “suspension” section. 

Automatic Index—In addition to the conven- 
tional indexes, a heavy insert page automatic- 
ally “breaks” the book at the start of each sec- 
tion. You find what you are looking for quickly. 

4. Most thorough cataloging of clamps, connect- 
ors and insulator hardware yet compiled. 

5. Special section on Distribution and Farm Line 
equipment. 

6. Complete line of Switch and Bus Insulators. 

ie 


You also should know, “Why Lapp Insulators 
Live.” 


Other features, too, all contributing to greater 
convenienee—accurate and comprehensive in- 
formation where you can put your finger on it 
instantly. No catalog yet produced, we believe, 
compares with this edition for convenient 
reference. If you haven’t received your copy, 
use the coupon. 


Lapp Insulator Co., Inc., Le Roy, N.Y. 
Gentlemen: 


Please send copy of your new Catalog to 
Name 
Title 
Company 


Addresa 
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KILOWATTS. 


POLVPHASE 


PEQRE HSK TEVERTEENS Tea tets cede 


ye FEATURES OF WESTON 
MINIATURE CONTROL UNITS 


Reduced initial cost—no awkward or costly panel. 


Reduced operating cost— one attendant can handle 
five times as many circuits. 


Closer supervision—control of five times as many 
circuits in the same panel length. 


Reduced “’human error’’— operator closer to instru- 
ments and control switches. 


Quicker operation—more compact centralization of 
control. 


Saves space—80% less space needed. 


Ease and speed of installation—units shipped com- 
pletely wired ready to connect to external circuits— 
additional units simply bolted on. 


Flexibility of arrangement—all parts interchangeable 
and standardized as to size. 


Practical freedom from maintenance — Weston’s 
inimitable, sturdy, precise construction. 


Ease of repair when damaged by unusually severe serv- 
ice—complete movement assembly easily removed. 


Ease of inspection—all instrument and instrument 
transformer connections accessible at front of board. 


i 
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with 
WESTON 


MINIATURE 
CONTROL UNITS 


Installation, operating and inspection 
costs are all cut to a new standard of 
economy by Weston Miniature Con- 
trol Units. Besides, they increase efhi- 
ciency by still further reducing the risk 
of “human error” by station attendants. 

Weston Miniature Control Units, 
themselves, form the instrument panel. 
Built like a skyscraper— mounted ona 
rugged, spot-welded angle-iron frame 
—they save space, time and labor, and 
for the first time eliminate panel costs. 

With each unit only five inches wide, 
an equal number of circuits is con- 
trolled within one-fifth of the usual 
space. One attendant has five times as 
many instruments and control switches 
within arm’s length. Closer supervision 
and quicker operation. 

Inspection takes less time and work 
with these new Units. It is safe, easy, 
convenient. Instrument and instrument 
transformer connections are accessible 
at the front of the Units. Instrument 
calibrations are checked from the front 
of the board without removing connec- 
tions at the back. 

This combination of economy and 
efficiency reflects the Weston experi- 
ence of many years with central station 
problems, and advances switchboard 
construction to an entirely new phase 
of money-saving simplicity. 
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Pioneers Again! 


PMENTS 


MAJOR Vv 


AIR CIRC AKERS 


I-T-E 


I. Min 


The Arc Extinguisher 


Without 
Min-Arc-Ite 


N 


O meet the ever increasing demand for 
higher interrupting capacities and shorter 
juration of arcs, emphasized by the enclosing of 
sircuit breakers in steel switchboards, I-T-E has 
leveloped the Min-Arc-Ite Arc Extinguisher— 
suitably arranged field coils embedded in molded 
asbestos barriers of the plug-in type, easily re- 
novable for access to the carbon supports. 
Min-Arc-Ite Barriers are new in their appli- 
sationeto the entire line of [-IT-E Circuit 
3reakers and U-Re-Lites, but three years old in 
oroven performance—and backed by forty-two 
years of experience in Air Circuit Breaker design. 
The Min-Arc-Ite “‘effect”’ promptly interrupts 
he arc without undue voltage disturbance. 
This is effected: 


1. By quickly stretching the arc beyond its critical 
length. 

2. By the cooling effect of the side walls of the 
barriers. 

3. By the cooling effect (similar to the principle 
of mechanical refrigeration) of the sudden 
expansion of the gases at the barrier mouth. 

4. By moving the arc rapidly through the air— 
as a match is extinguished. 


Pioneers Again! 


With 
Min-Arc-Ite 


Min-Arc-Ite Barriers are standard for 440 and 
550 volts on Junior, Senior and type W, U-Re- 
Lites and on type LX U-Re-Lites and all types 
of I-T-E Circuit Breakers, when specified. 


Min-Arc-Ite Arc Extinguishers: 


1. Materially decrease size and time of arc (arc- 
watts) see comparative photographs above. 


2. Materially reduce amount of ionized gases 
emitted on short circuits. 


3. In combination with Re-Ax-Ite Carbon Sup- 
ports materially add protection to main 
contacts and speed the opening of breakers. 


4. Are equally as effective for D. C. as for A. C. 


5. Increase the rupturing capacity of Circuit 
Breakers and U-Re-Lites and thus increase 
the factors of safety—owing to the fact that 
the standard large break distance is main- 
tained. 


* The Min-Arc-Ite arc extinguishing ‘‘effect’”’ increases as the square of the current, operating on 


Three Major Developments in Air Circuit Breakers 


y 


e-Ax-Ite 


The Carbon Support with the True I-T-E Principle” 


ESTS of standard circuit breakers on heavy 

short circuits (25,000 to 100,000 amperes 
at 550 volts) proved that the rupturing capacity 
was limited by the amount of current which 
distorted the arcing contacts, due to the power- 
ful magnetic effect. 

To avoid this limitation the Re-Ax-Ite Carbon 
Supports have been developed by I-T-E and 
are now standard construction on its entire line 
of breakers. 

Re-Ax-Ite Carbon Supports are of stiff channel 
construction which successfully resists the mag- 
netic forces; the latest development of a 
magnetic principle established by I-T-E thirty- 
one years ago. This assures that the second 
break is made on the shunt contacts and the 


i. 


r nw 


final break on the carbons, at any magnitude 
of short circuit. 


Re-Ax-Ite Carbon Supports: 


1. Speed the opening of circuit breakers on 
short circuits. 


2. Increase the rupturing capacity of cir- 
cuit breakers by affording positive 
protection to the main contacts. 


3. In combination with Min-Arc-Ite Bar- 
riers provide the positive high inter- 
rupting capacity demanded by the 
ever increasing capacity of electrical 
systems and the rapidly growing use 
of steel enclosed switchboards. 


* The Re-Ax-Ite is based on the true Inverse-Time-Element principle—the heavier the short, 
the quicker the speed of opening—and the more positive the protection of the main contacts. 


I-l-EK Pioneers Again i 


Discriminating Overload Protection with the 
True I-T-E Principle* 


UAL Overload, exclusive with I-T-E, discriminates 

between desired overloads (such as current peaks in 
starting A. C. motors across-the-line) and non-desired 
overloads or short circuits, which must be cleared from 
the system instantly. 

The unique design of the I-T-E Dual Overload achieves this discrimi- 
nating, selective action by means of series overload coils equipped with two 
armatures per coil. 

The inside armature is restrained by the direct acting time-delay 
(Dalite) and will hold the breaker closed during the starting period over- 
load—if this overload persists beyond a safe limit the Dalite oil film will 
rupture, allowing the armature to trip the breaker. 

The outside armature is calibrated to trip the breaker instantly on 
eight to ten times the motor running current, or on short circuit—inde- 
pendently of the action of the time-delay restrained armature. 

The two armatures are independent of each other, but are acted upon 
by the same overload coil which is in series with the load, and therefore 
accurately reflects the total current flowing. 

{-T-E Dual Overload Protection is: 

1. Positive and accurate—-due to series overload coils. 

2. Discriminating and selective—due to double armatures. 

3. The most dependable device for starting A. C. motors across-the- 
line, with full protection against sustained overloads and in- 
stantaneous opening on short circuit. 

Dual Overload is standard on Junior, Senior and type W, U-Re-Lites. 


* The heavier the “‘desired’”’ overload, the quicker the Dalite oil film will be rup- 
tured, allowing the imside armature to trip the breaker. The heavier the short 
circuit, the quicker the outside, instantaneous armature will trip the breaker. 
Thus both armatures of the I-T-E Dual Overload operate on the true 
Inverse-Time-Element principle. 


Multumite All-Steel Switchboards 


UTILIZING its experience gained in twelve years of building steel-enclosed 
circuit breakers, U-Re-Lites—I-T-E has pioneered in the design and pro- 
duction of steel-enclosed switchboards. 

In the short period of two years, 237 Multumite all-steel switchboards, pro- 
tecting and controlling from six to a hundred circuits each, have been built for 
steam-electric plants, hydro-electric plants, railroad stations, theatres, office 
buildings and hotels; and for factories producing motor cars, cameras, ships, 
cash registers, chemicals, rubber, cement, oil, coal, steel and sugar. 

Write for the Multumite book—completely describing and illustrating these 
modern switchboards. 


T° minimize the effect of oxidation and decrease circuit breaker maintenance, 
I-T-E now silver-plates the upper and lower terminal faces where they 
make contact with the main current carrying members. The male and female 
separable contacts in Multumite-Hingite steel switchboards are also silver-plated. 
Silver-plating is standard on types LG, LL and LX circuit breakers and can 
be supplied on type W. The smaller types do not require this special treatment. 
Silver-plating is an I-T-E extra value—at no extra cost to you. 


I-T-E CIRCUIT BREAKER C a 
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VOLTAGE INHERENT 
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Unusual Characteristics 
A flatter voltage curve than can be had in a compound 
generator. 


Can be designed with or without overload capacity. Will 
not reverse its polarity when operating as a motor. 


When floating with a battery will maintain correct voltage 
month after month without adjustment. 


Built by a company specializing in battery charging equip- 


ment for nearly a quarter century. 


Also manufacturers of Low Voltage Electroplating Generators, 
variable speed D. C. Motors and Motor-Generators of all kinds. 


The &lectric Products Co. 


CLEVELAND, OHIO 


1725 Clarkstone Road 
New York Office 126 Liberty St. 
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Outrunmning fire 
with Radio 


Fire is fast but radio is faster. 
Today the fire-boat with Western 
Electric Radio picks up the 
alarm instantly and has every 


chance of reaching the place 


before the flames have run far. 

This equipment keeps the chief within voice 
range of his boats that patrol the waterfront. 
From headquarters or from the scene of the fire, 
he can direct them as closely as he does the 
engines on land. 

Fire-boat radio is only one of several timely 
developments which Western Electric is making 
for marine use. Radio for fishing fleets, for tugs 
and lighters, for ferry boats serves a field where 
the need for instant communication is often 
urgent. And all this apparatus comes out of fifty 


years’ experience in making telephones. 


Western Fl/ecfric 


Makers of your Bell telephone and leaders 
in the development of sound transmission 


A fast radio alarm gives the fire-fighters 
a valuable weapon—time 
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FROM TRANSFORMER HEADQUARTERS 


“Trqusronnees 


BUILT to ANY 
SPECIFICATIONS 


Fifty thousand volt secondary potential with 220 and 440 
volt input, to test insulation breakdown—this was the only speci- 
fication given C. T. C. engineers by a large manufacturer of 
insulated wire. 


C. T. C. quickly produced this oil-immersed, mica-insulated 
high potential transformer. A control panel was also designed 
with an input voltage regulator and a circuit breaker that 
operates automatically to disconnect the transformer when the 
insulation under test breaks down. 


The production of this special transformer is only one of the 
many instances where the C. T. C. organization has proven its 
ability to meet unusual demands. If you are facing transformer 
problems of design, cost, or quick delivery in large quantities, 
C. T. C. service can solve them for you. Let us quote you today 


Immediate Production With C. T. C. Semi-Standard Designs 


Speaker Coupling 
Transformers 


Power Sey 


SEPTEMBER 1931 


Inter-Stage Transformers 


The flexible design of C.T.C. 
Semi-Standard units can be 
adapted to fill your requirements 
for coupling transformer and im- 
pedance audio stages. Don't de- 
lay your production by develop- 
ing special designs. 


Transformers to couple the output 
of single ‘47, push-pull ‘47, and ‘50 
stages to dynamic speaker voice 
coils may be selected without de- 
lay for your production from 
the C. T. C. Semi-Standard line. 


Bcice 


Transformers 


Sets employing ‘80 type rectifiers 
to supply assemblies using from 
4 to 11 tubes can go into pro- 
duction weeks earlier with C. T. C. 
Semi-Standard power trans- 
formers adapted to their needs. 


CH iCAGO 


TRANSFORMERS 


CHICAGO TRANSFORMER CORP., 2624 WASHINGTON BLVD., CHICAGO, U. S. A. 
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As far back as 1903 Wagner used an expansion tank on 
a transformer. Today Wagner uses expansion tanks on 
all standard transformers rated above 500 Kv-a. » » » 
When an expansion tank is used, the transformer is 
completely filled with oil, the oil level and air space being 
in the expansion tank. The construction is such that the 
condensation of moisture is confined to the expansion 
tank, collecting in the sump (between the expansion tank 
and the transformer) from which impurities can be re- 
moved periodically. » » » The comparatively small 
area of oil exposed in this tank and the comparative 
coolness of the oil minimize the accumulation of moisture 
and other impurities—and the design of the tank makes 
their removal a quick and simple operation. » » » 
For more details regarding Wagner expansion tanks, 


BREATHER cence 


| 
| VENTILATING-TYPE 


FILLER PLUG. : afi ee | ee | 
5 : ee TYPE OIL GAUGE 

DETAILS OF WAGNER © 

_ EXPANSION TANK FOR | 
MEDIUM SIZE POWER | 


{ EXTENSION OF PIPE FROM MAIN TRANSFORMER TANK 

INTO EXPANSION TANK IN ORDER TO PREVENT THE 
| POSSIBILITY OF TAKING ANY CONTAMINATED OIL 
| FROM THE EXPANSION TANK INTO THE MAIN TANK. 


| Zz ii PET COCK TO DRAIN 


Pali PIPE WELDED se 7 ; GLASS OR OBTAIN 
IN COVER SUMP FOR TRAPPING OIL SAMPLE 
OIL SAMPLING : IMPURITIES IN OIL 
COCK; 


| 
Li 


COVER LINE 


and for a history of their development, refer to pages 
31 and 32 of Bulletin 170—copy of which will be mailed 
upon request. >» >» >» >» >» >» >» >» >» >» » D>» » 


a a se 


WAGNER ELECTRIC CORPORATION, 
6400 Plymouth Ave., St. Louis, Mo. 


Please send copy of your new Bulletin 170 illustrating and a . — 
describing Wagner Power Transformers. Electric. 


ie re RM MR ae me 6400 Plymouth Avenue, Saint Louis, U.S. A 


MOTORS TRANSFORMERS FANS 
segjgggg cece _  LOCKHEED HYDRAULIC BRAKES 


T331-8XA 
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BJ EB LIN-G 


IN MAKING Roebling Lead Sheathed Power Cable—and other 
Roebling Wires and Cables — every possible precaution is taken 
to insure a product of unvarying high quality. 


Power Cables + Paper; Cambric; Rubber 
» Submarine Cables » "Tree Wire » 
Parkway Cable » Service Cables » 
Station Cables » Rubber Covered Con- 
trol Cables » Rubber Covered Wires 
and Cables + Braided and Leaded - 
Code: Intermediate; 30% » Slow-burn- 
ing Wires and Cables » Weatherproof 
Wires and Cables » Portable Cords 
» And a wide variety of other wires 
and cables. 


Roebling first of all works to most exacting standards. Secondly, 
it makes certain that these standards are met by rigidly control- 
ling every step of the production process. From copper drawing 
to shipping the finished product, all operations are performed 
by Roebling. 

Your request for further information regarding any of the many 
types of wires and cables listed would be welcomed by the 
nearest Roebling office. 


JOHN A. ROEBLING’S SONS COMPANY, TRENTON, N. if 


Atlanta Boston Chicago Cleveland Los Angeles New York 
Philadelphia Portland, Ore. San Francisco Seattle Export Dept., New York, N.Y. 


ELECTRICAL WIRES AND CABLES 
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14 Points of Merit... 


Found in AmerTran Type 


TS-6—the 


ideal Portable 


Oil Test Set for Utilities 


Compact—The smallest test 
set providing dependable 
results. 


. Capacity—Full .5 kva. with 


30,000 volts for testing. 


8. 


Complete—The cover snaps 
shut with everything inside. 


Window—Oil Cup is visible 
during test through glass. 


10 


10. Control — Collapsible crank : 


3. Safe—The oil cup is covered 4 ¢ 
for voltage adjustment. 


during a test. 


Portable Convenient han- 
Gles make it easy to carry. 


4. Regulator — _ wire-wound, 11. 
slide-wire potentiometer. 


5. Foolproof —— Equipment is 12. Pilot — Red light indicates Oa 12 
protected with cireuit when power is on 
breaker. ‘ 


13. Switech—Master switch in 


6. Accurate—Voltmeter perma- ; : ‘ 
main power circuit. 


nently connected. 


Convenient—Cord and plug 
fit 110-volt outlets. 


7. Directions — Full instruc- 14. 
tions on metal plate. 


13 


American Transformer Company 


180 Emmet Street Newark, N. J. 


FI AMERTRAN = 
GS TRANSFORMERS 


Send for 4 Fi 
Bulletin No. 1132 


INSULATION 


CORONA PREVENTION AND OZONE ELIMINATION WITH ANOROC RUBBER 


Corona and ozone need not limit 
the life of your cables 


Ozone destroys rubber and when ozone forms 
around a rubber insulated cable there is danger of 
cable failure. The appearance of visual corona 
(which can be seen in a darkened room) is simul- 
taneous with formation of ozone. If both are pre- 
vented one objection to rubber insulation for high 
voltage is entirely overcome. 


Anoroc rubber insulation makes possible the suc- 
cessful operation of rubber insulated high tension 
cables. It is a new type of rubber compound which 
prevents the formation of corona and ozone at volt- 
ages for which the cable is designed. 


Anoroce insulation is elastic, has ample tensile 
strength, is not affected by temperature changes and 


retains all the desirable physical, chemical and elec- 
trical characteristics of high grade rubber insula- 
tion. It adds nothing to the size, diameter or weight 
of the cable and has none of the disadvantages of 
other methods of protection. Anoroe rubber insulated 
cables are designed to meet specific operating con- 
ditions. 

Anoroc Cables are recommended for transformer 
and pothead leads, pole fixture and are cable, 
generator leads, test leads, gas tube sign cable, 
ignition cable, miscellaneous mine cables and for all 
conditions where corona and ozone may be the 
limiting factor of the life of the cable in service. 


Write for more complete information. 


SIMPLEX WIRE & CABLE © 


MANUFACTURERS 
201 DEVONSHIRE ST., BOSTON 
BRANCH SALES OFFICES 
CHICAGO, 564 W. Monroe St. SAN FRANCISCO, 390 Fourth St 
NEW YORK, 1328 B’way CLEVELAND, 2019 Union Trust Bldg. 


PHILADELPHIA, 1227 Fidelity-Philadelphia Trust Building 
JACKSONVILLE, 417 Barnett National Bank Building 


SIMPLEX INSULATED WIRES AND CABLES 
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in Submarine Cables. 


Laying parallel and simultaneously three Submarine Cables 
across the Mississippi River at Davenport, lowa, for the Peoples 
Power Company. aaat Cable of the leadless three conductor 
type, four inches in diameter and one mile in length, operat- 
ing at 15,000 volts. 


HE development of submarine cables to meet every 
need—to render far longer service and assure the 

greatest efficiency of transmission—has been the con- 

stant aim of the American Steel & Wire Company. 


Back of these outstanding products are years of wire 
making experience—and this is apparent in superior engi- 
neering service—reasonable cost, and proved quality. 


No matter what your electrical problem may be—whether 
you need standard or special cables for submarine, over- 
head or underground use, you will find us ready to serve 
you efficiently and economically. We make cables in 
any quantity, of any size or type and for any voltage, 
to meet the most rigid specifications. 


AMERICAN STEEL & WIRE COMPANY 


UBSIDIARY © UNITED STATES STEEL 7 CORPORATION 


208 S. La Salle Street, Chicago Empire State Bldg., New York 


Other Sales Offices: Atlanta Baltimore Birmingham Boston Buffalo Cincinnati Cleveland Dallas 
Denver Detroit Kansas City Memphis Milwaukee Minneapolis-St. Paul Oklahoma City Philadelphia 
Pittsburgh Salt Lake City St. Louis Wilkes-Barre Worcester 
Pacific Coast Distributors; Columbia Steel Company, Export Distributors: United States Steel Products Co., 
San Francisco Los Angeles Portland Seattle Honolulu 30 Church St., New York City 
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If you Write Specs 


Swhd. 
Wire 


O your specifications still call for a straight 
varnished cambric switchboard wire with 
the usual gray or black flameproof cot- 

ton braid? 


If they do, why not modernize them by 
calling for the switchboard wire that was de- 
signed to meet modern methods of wiring 
boards with sharp, square bends? 


Instead of using five or six layers of var- 
nished cambric tape (the usual method) ROCK- 
BESTOS originated the idea of using only two 
tapes and building up the rest of the insulation 
thickness with a wall of dense, firm, resilient 
felted asbestos. You can see this wall just be- 
neath the braid in the illustration. 


When a sharp bend is made in ordinary 
switchboard wire, great strain is imposed on 
the cotton braid which elongates on the outside 
of the bend and pulls down tightly on the cam- 
bric insulation beneath it in so doing. The in- 
sulation, being comparatively stiff and un- 
yielding, is usually stronger than the braid and 
since something has to give it usually is the 
braid, resulting in spoiled appearance. 


Now in ROCKBESTOS switchboard wire, all 
this strain is taken off the braid by the felted 
wall of asbestos lying just beneath, which com- 
presses as the tension on the braid increases, 
making it unnecessary for the braid to crack. 
Instead, a beautifully smooth bend results. 


ROCKBESTOS switchboard wire costs no more 
than ordinary old fashioned switchboard wire, 
handles quicker and gives you far better work 
and satisfaction. Absolutely fireproof, too. 


Let us send you the complete illustrated re- 
port and a sample of the wire. No obligation. 
Use the handy coupon. Drop it in an envelope 
and mail today. 


ROCKBESTOS PRODUCTS CORPORATION 
392 NICOLL STREET NEW HAVEN, CONN. 


ROCKBESTOS ~ the wire with permanent insulation 


ROCKBESTOS PRODUCTS CORP., 392 Nicoll St., New Haven 


Please send without obligation the report and sample of 
ROCKBESTOS Switchboard Wire. 
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Bulletin, 1101, 
Type B, Venti- 
lated Speed Regu- 
lator. 


Bulletin 1102, 
Type A, Totally 
Enclosed Speed 
Regulator with 
lever operating 
handle. 


Bulletin 1102, 
Type B, Totally 
Enclosed Speed 
Regulator with 
knob operating 
handle. 


Ward Leonard 
Speed 
‘Kegulators 


PEED REGULATORS 
that meet all the re- 
quirements of the critical 
buyer who demands economy 
with satisfactory performance. 


Bulletin 1101 and 1102 Speed 
Regulators have style and 
economy in addition to the 
many features of Ward Leon- 
ard standard of quality. 


Ventilated and totally en- 
closed types for fractional 
horsepower D.C. and A.C. 
motors are included in this 
line of speed regulators for 
fan and machine duty. 


For larger capacities Ward 
Leonard Vitrohm Speed Reg- 
ulators, Bulletin 1200 and 
1300 for D.C. and Bulletin 
2200 for A.C., have been the 
choice of experienced users. 
Write for descriptive litera- 
ture on these and other Ward 
Leonard products. 


Bulletin 1101, Type A, Ventilated Speed Regulator, 
showing contact arm arrangement and resistance 
element. 

It is only necessary to remove the cover and the 
regulator is ready for mounting. 


Send for Bulletins 1101 © 1102 


WARD LEONARD ELECTRIC CO. 


MOUNT VERNON, NEW YORK 
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Explosion-proof Motor Starters 


SS NAN INNO SON NN SE I 


Designed and built by | 
EC&M 
to meet requirements of 
Glassete 
Group D Hazardous 


Locations 


WwW 


The illustrations to the left show one form of EC&M 
Type ZS Across-the-line, oil-immersed motor starter 
built for use with a 75 HP motor. 


The oil tank, which contains the main line contactor 
with terminals, contacts, etc., under a 6 in. head of oil, 
is equipped with a sight oil gauge to indicate the oil 
level inside the tank. Bolted to the rear of the tank is 
an explosion-proof case which contains the overload 
relay panel and also serves as a conduit connection box. 
The leads from the main line contactor pass through . 

-stuffing boxes to the explosion-proof case, as shown by 
the middle illustration. 


Although the Underwriter’s Laboratories do not test 
starters of this large horsepower rating, these starters 
are designed not only to fulfill the requirements of the 
Underwriter’s specifications, but also to reduce mainte- 
nance greatly, because the operating mechanism is al- 
ways well lubricated . . . always protected against 
moisture and corrosion. This means that only an oc- 
casional inspection of contacts is required to secure 
satisfactory and continuous operation of this sealed unit. 


EC&M is prepared to furnish many other forms of 
starters built in this manner. Reduced voltage, com- 
pensator-type starters for squirrel cage and synchronous 
motors can be similarly designed. And push button 
stations can be equipped with the New EC&M Type 
EO EXPLOSION-PROOF PUSH BUTTON. This 
is described in Bulletin 1105-J, just off the press. 

; Write for a copy. 


THE ELECTRIC CONTROLLER & MFG. CO. 


hi PHILADELPHIA ~WITHERSPOON BLO: 
Cricaco-comnay soe ~=CLEVELAND,OHIO | prissinai-ouver oioc 


DETROIT~DIME BANK BLDG. SAN FRANCISCO-CALL BUILDING 
BIRMINGHAM ~BROWN-MARX BLDG. LOS ANGELES- 912 £. THIRD ST. MONTREAL ~CASTLE BLDG 
CINCINNATI ~|=-NATIONAL BANK BLOG. HOUSTON -P.0.BOX 4182 BUFFALO — 167 CROSBY AVE. 
ST. LOUIS-6926 MARQUETTE AVE TORONTO-REFORD BLDG SEAT TLE-2207- | AVEso. 
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Install 


OIL IMMERSED 
CONTROL 


where produchon delays are costly 


Engineers have found that Rowan completely oil 
immersed control units provide high interrupting 
capacity; and extra insulation between all live parts; 
that they practically eliminate corrosion and mechani- 
cal wear by constant lubrication of all moving parts 
and that by quenching all arcs below the surface of 
the oil, they eliminate the danger of spreading the 
flames to combustible gases in the surrounding 
atmosphere. 


Many engineers have standardized upon Rowan Oil 
Immersed Control. Descriptive bulletins for each 
unit are available; send for them today. 


OWAN CONTROL 


a THE ROWAN CONTROLLER CO., BALTIMORE, MD. 
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The Pioneer Manufacturer . 


Interpole & Ball Bearing 
Motors 


¥4 to 1000 H. P. D.C. and A. C. 


DOTTIE LLLCLUAAUCCCUUUULLUULCOLATCCOCUUOUUULLLOTOHTTOUUUOO UTC MTOOOUUTUOUOT OT TOOUUUTU TC 


Type ‘ core 
Ball 
Bearing 
Motor 


_ ELECTRO DYNAMIC COMPANY 


Manufacturers of Ball Bearing Motors Since 1904 


BAYONNE, N. J. 


Sales Offices in Principal Cities 


“Quality for Malt a Century” 
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i 
Trade ‘‘H#SCQO”’ Mark = 


ELECTRIC SPECIALTY CO. 


Engineers and Manufacturers 


DESIGN — 
DEVELOP — 
PRODUCE — 


Type NA AIRPLANE GENERATOR 
Small Motors, Generators, Dynamotors, 
Motor Generators, Rotary Converters, Etc. 
FOR SPECIAL PURPOSES—Send Us Your Problems 


222 South Street, STAMFORD, CONN., U.S.A. 


Ess xtieumusimisiniaiia th nibisalaieinttent iRiaR nie eR ee ae 


NEARNEY 


FUSE-SWITCHES 


OTHER KEARNEY PRODUCTS 


Screw Anchors—4 in 1 Expansion Anchors— 
Guy Wire Clips—Double Duty Cutouts— 
Solderless Wire Connectors—Single Insula- 
tor Fuse-Switches—Fuse Choke Coil Com- 
binations—Sleeve Twisters—Live Line Tools 
and Accessories. 


: 
E 
= 


ETM MMM 


Complete Catalog Sent On Request 


JAMES R. KEARNEY CORPORATION 
4220 CLAYTON AVE. » + + + + ST. LOUIS, MO. 
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Use RollerSmith Apparatus/or~ 
INDICATION REGISTRATION PROTECTION 


SATISFACTION. 1s Always the Result. 


Products 


Comprise complete lines of 


Electrical Instruments 


(Indicating and Graphic) 


CIRCUIT BREAKERS 
(Air and Oil) 


CONTROL PANELS RELAYS 


Bulletins covering the various devices will be sent on request. 


Cr TTI I LLLLLLOLLLLLUELLLUUULLLLLLILULLLLUILLLLLULLULLUMMELLULUULULLCCLULULULULLLULULLULLLLLLLOCLILLCOCLO RUUD 


Forty years’ experience in back of 


ILLER-SMITH COMP: 


lectrical Measuring and Protective Apparatus 
MAIN OFFICE: WORKS: 
12 Park Place, NEW YORK Bethlehem, Penna. 


Offices in Principal Cities in U. S. A. and Canada 
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INCREASE ARMATURE LIFE 


RECRESENDALLY ES 


zs, 
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SUNN TINNNNTNNTTNTIINTTNTAEN TINA AN NUOTIUNTAUTATTUUUTTTE TEU 


SALES 


MITCHELL-RAND MFG. CO., 
New York 


WHITE SUPPLY CO., St. Louis 

E. M. WOLCOTT, Rochester 

THE MARWOOD CORPOR- 
ATION 


Portland, Oregon 
Spokane, Wash, 
Seattle, Wash. 


EARL B. BEACH, Pittsburgh, Pa. 


ELECTRIC INSULATION CO., 
Philadelphia, Pa. 


PREHLER BROS., INC., Chicago 


PREHLER BROS., INC., 
Cleveland 


CLAPP & LA MOREE 
Los Angeles 


A. L. GILLIES, Toronto 


New 


AMERICAN LAVA CORPORATION 
27-67 William Street 
CHATTANOOGA, TENNESSEE 


Manufacturers of Electric and Heat Resistant Insulators 
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Applications and 


Designs in 


LAVA 


in our new book 


“LAVA and MAGNESIA” 


Write for your copy 


HE armatures of your motors may now have 

new life by using ‘IRV-O-SLOT” insula- 

tion. They probably will last 10 years 
longer. ‘IRV-O-SLOT" simplifies the winding 
job and saves both on labor and material. 
Convenient in use and economical in price. 
“IRV-O-SLOT” is supplied in sheets or strips 
or cut to slot size. Cemented with a flexible 
binder “IRV-O-SLOT” is a varnished cambric 
insulation duplexed with any standard thickness 
of fibrous insulation. 


The finest insulating varnishes and enamels are 
also furnished by Irvington for impregnating mo- 
tor parts, rotors, stator fields and armatures. 


Irvington specializes in all insulation problems. 
Our technical staff is always glad to be of assis- 
tance in solving them for you. We are pleased 
to submit samples and prices on request for any 
of our insulation lines. 


For your protection, remember the name 
IRVINGTON and always look for the red-lined 


core—the mark of Balanced Insulation, 


IRVINGTON VARNISH & 


Irvington Insulations That Last ! 
a V ARNISHED \ 
CAMBRIC { gce cr Yee} CANVAS 
PAPER _ SILK DUCK 
VARNISHED FLEXIBLE TUBING 
“IRV-O-SLOT” INSULATION 
“CELLULAK” LAMINATED TUBING 


= INSULATING VARNISHES ye 


Always look for the Red- Lined Core! 


INSULATOR COMPANY 


IRVINGTON - NEW JERSEY 


Established 1905 
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230 Park Avenue 
New York, N. Y. 


ae eee 
ELECTRITE 


A high grade fibre board 
for electrical insulation. 


A material of quality pos- 
sessing high tensile and 
dielectric strength. 


Tested and approved by 
the Underwriters’ Labora- 
tories. 


Pulp Products Department 


WEST VIRGINIA 
PULP & PAPER COMPANY 


35 East Wacker Drive 
Chicago, IIl. 
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6667 KVA. 
73,000 Volts 


Patents 
Pending 


locking, two-piece, 
drop-forged, copper 
Service Connector 


WRITE FOR SAMPLES 
BURNDY ENGINEERING CO. 230 E. 45th St. NewYork 
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DEPENDABLE 


g przee design, construction 
and materials used 


means that you can de- 
pend on a Moloney Trans- 


former for any installation, 
—generation, transmiSSsion, 
distribution. 


MOLONEY ELECTRIC COMPANY 
St. Louis, Mo. 


MOLONEY’ 


TRANSFORMERS 
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CANADIAN PORCELAIN CO., Ltd. ] 


HAMILTON—ONTARIO—CANADA 


SUSPENSION 


London Office: 

BRITISH PORCELAIN CO., Ltd. 

Artillery House, Artillery Row 

Westminster, LONDON, S. W. 1 
ENGLAND 


; LI 


District Offices: 

Montreal, Quebec 
Winnipeg, Manitoba 
Vancouver, British Columbia 
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Specify 
Thomas 
Quality 

Mnsulators 


for 
Permanently 
Dependable 


ORO VINIOTERSVEDOCORORBOLDOCCOBNINONEORELE 


THE R. THOMAS & SONS CO. | 
2 Lisbon, Ohio 


Boston Chicago London 


New York 
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Poles at Railroad Crossings 
Typical Pole Mount Construction—No. 3 


The illustration features one of two 
new 65-ft. cedar poles recently set in 
Delaware at a Railroad crossing, using 
Williams Pole Mount construction with 
permanent pre-cast concrete base. 


Taller poles, about 75 ft. overall, were 
not available without special ordering, 
delay, and considerable extra expense. 


These installations on Pole Mounts will 
have much greater strength throughout 
their useful life, the strength of the pole 
timber itself determining useful life— 
not ground-line decay. Such construc- 
tion, for locations where permanent 
strength is particularly desirable, is 
practically universally approved. 


Other M.I.F. Pole Hardware Special- 
ties providing superior economical con- 
struction are:—Metal Crossarm Gains, 
particularly for full-treated poles, Sus- 
pension Clamps for aerial cables, 
Insulated Hangers for weatherproof 
conductors, etc., Guy Hooks for 
through-bolt guying with accessory de- 
vices, Tubular Pole Reinforcing Clamps 
with accessory Gains, etc. 


Send for catalog— 
Pole Hardware Specialties 


MALLEABLE IRON FITTINGS COMPANY 


Pole Hardware Dept. | presiei’cacs Omnce || Branford, Connecticut 


New York Sales Office: Thirty Church Street 
<i> ~ Canadian Mfg. Distributor: <P> 
LINE & CABLE ACCESSORIES, Ltd., Toronto 
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Thoroughbred 
construction 


ay 


TTT TT 


Thoroughbred construction does 
not give rusting a chance to 
bring on the expense of shifting 
a good cable to new messenger 
and cable rings—or the liability 
of an interruption to service. 


Copperweld messenger, Copper- 
weld rings, good cable and 
proper construction — united — 
give economical long life 
construction. 


rT TT TTT 


Copperweld Steel Company 


Glassport, Penna. 
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Rol i: 


INDOOR BUS 


Standard Duty 


SUPPORTS pe 


Series L 


P5245. 2 


Bronze and 
Malleable 
Iron 


Conductor 
Clamp 


Wet 
Process 
Brown 
Glaze 


Porcelain 


Malleable 
Iron 


Interchangeable—All Mountings 

; 3 A 30159 ally 6 pau © 
LOOK IT U 
First in the New 
R. & I. E. ‘Loose 


Base 


Leaf Catalog. 


|} RAILWAY anv INDUSTRIAL 


ENGINEERING CO., GREENSBURG, PA. 


Boston Dallas New York Seattle 
Birmingham Detroit Philadelphia Toronto 
Buffalo Indianapolis Pittsburgh 
Charlotte Kansas City St. Louis 
Chicago Los Angeles San Francisco 
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Professional Eaiicecine Directory 


NEILER, RICH & CO. 


ee TTT 


ALLIED ENGINEERS, Inc. FRANK F. FOWLE & CO. 
Electrical and Mechanical 
Engineers and Constructors Electrical and Mechanical Engineers 
Engineers Consulting, Designing and 
20 PINE STREET, NEW YORK g Supevishiz 
Birmingham, Ala. Jackson, Mich. 221 No. La Salle Street CHICAGO 431 So. Dearborn St. — — — Chicago 


FARLEY OSGOOD 


Consultant 


JOHN E. BANGS FREYN ENGINEERING COMPANY 
Member A. I. E. E. 


PUNOUU00O HEUTE PRETTY 


Industrial Electric Power 


Freres pie ae Design, Construction, Operation 
STENT ee Cane Generation—Application—Purchase inter-Connection 
atent an rade-mar. auses; : ° * ° 
Copyrights; Reports and Opinions. Combustion Engineering , PUBLIC UTILITIES 
20 Years’ Experience. Electric Furnace Installations National Bank of Commerce Building 


31 Nassau Street, New York, N. Y. 


Earle Building, WASHINGTON, D. C. 310 South Michigan Ave. CHICAGO Tel.:Rector 7878 Cable Address: Fargood 


BATTEY & KIPP HOOSIER ENGINEERING 


Incorporated COMPANY 
ENGINEERS 


SANDERSON & PORTER 


ENGINEERS 
for the 


Erecting Engineers FINANCING—REORGANIZATION— 


Complete Industrial Plants _ Transmission Lines, Substations DESIGN—CONSTRUCTION 
Power Plants & Electrical Installations r of 
Engineering Reports, Analyses & Appraisals 100 W. Monroe St., Chicago, Ill. INDUSTRIALS and PUBLIC UTILITIES 
225 Broadway, New York 
231 South LaSalle Street CHICAGO Smith Tower, Seattle, Wash. Chicago New York San Francisco 
BLACK & VEATCH ARGEN L 
as JACKSON & MORELAND SARC EN ey 
Consulting Engineers 
Water, Steam and Electric Power Investiga- CONSULTING ENGINEERS ENGINEERS 
tions, Design, Supervision of Construction, 
Valuation and Tests. 20 NORTH WACKER DRIVE 
Mutual Building KANSAS CITY, MO. Park Square Building Boston, Mass. CHICAGO, ILLINOIS 
ROBERT C. BURT, E.E., Ph. D. - 
, ROBERT S. KRUSE S. SOKAL 


Registered U. S. A. Patent Attorney 


DONALD H. LOUGHRIDGE, Pt.D. 


Chartered British Patent Agent 


= Consulting Physicists Consultant for Radio Pat = seek Bers ie Sse 
= A 
= z tati sa Ma ra ents, irade arkKs an esigns 
eens ang ee of Station nd nufacturers in Great Britain, the British Colonies and 
1 i a at 103 Meadowbrook Road Telechone Dominions and all European countries 
827 So. Michigan Ave. California West Hartford, Conn. Hartford 4-5327 1, Great James St., Bedford Row, 


LONDON, W. C. 1, England 


= |BYLLESBY ENGINEERING AND W. S. LEE ENGINEERING 
= | MANAGEMENT CORPORATION CORPORATION STOCKBRIDGE & BORST 
= Wholly-owned Subsidiary of Specialists in the Design, Construction and 
= (Qiradert Gas and Electric Company Operation of Hydro- iectric Stations, Patentelae 
= arge Central Steam Stations, 
= 231 South La Salle Street and Transmission Lines. 
= CHICAGO 535 Fifth Avenue Power Building 
New York Pittsburgh San Francisco NEW YORK CHARLOTTE, N. C. 10 East 40th Street NEW YORK 


EDWARD E. CLEMENT N. J. NEALL THE J. G. WHITE 
SR ENGINEERING CORPORATION 


MOM MMMM MT MOM TO OU OT LL TU LTO LLL UL 


Attorney and Expert Consulting Engineer ; 
t Engineers—Constructors 
in Patent Ca for 
eee n b uses Eloctieal aad Ted ial P ; Oil Refineries and Pipe Lines 
Soliciting, Consultation, Reports, COOTHEAY AG AOC RBC rORSLHce Steam and Water Power Plants 
pinions Transmission Systems, Hotels, Apart t! 
: 12 Pearl Street 41 Broad Street Cle SAAR) CLUE DES 
McLachlen Bldg. Washingt D. C. Office d Ind 
cLachlen pei oe St. Woe on, BOSTON, MASS. NEW YORK CITY s and Industrial Buildings, Railroads 


43 EXCHANGE PLACE NEW YORK 


J. G. WRAY & CO. 


DAVID V. FENNESSY To appear in the following Engineers 
issue, cards must be re- J. G. Wray, Fellow A.1.E.E. Cyrus G. Hill 
Consulting Power Engineer ceived not later than the Utilities and Industrial Properties 
15th day of the month. Plums te Oipeaatens eames 
1108 Bassett Tower EL PASO, TEXAS Financia! Investigations Management 
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2130 Bankers Bidg., Chicago 
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Communicati 


_Strowger Fire 
Alarm Systems 


Besides Strowger Dial Tele- 
phone Equipment—the ac- 
cepted dial telephone system 
for private organizations and 
public systems alike—Auto- 
matic Electric Inc. offers the 
following line of perfected 
communication systems and 
equipment. For information 
on any or all of them, use 
the coupon. 


Railway Communication and 
Signal Equipment 

Industrial Fire Alarm Systems 

Code Signal Systems (Audible 
and Visual) 

Supervisor’s Boards for Power 
Networks 

Municipal Fire Alarm Systems 

Police Recall and Alarm Systems 

Theatre Telephone and Signal 
Systems 

Portable Telephones and Line 

Test Sets 

Watchmen’s Supervisory Systems 

Remote-Control Time Recorders 

Relays, Remote-Control Switches 
and Signal Accessories 


Engineered, Designed and Manufactured by 


Automatic Flectric Inc. 


Factory and General Offices: 


1031 West Van Buren Street, Chicago, U. S. A. 


SALES AND SERVICE OFFICES: 


Atlanta Boston Cincinnati Cleveland aetna hats" Galak LL RMA EE ARM res KR ONUITO (OLS 

Detroit Kansas City Los Angeles New York Lite 

Philadelphia Pittsburgh St. Paul Washington I . 
Position.__..._. 
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- THIS CHANGE 
to DIAL TELEPHONES- 


Na few years the old-fashioned telephone—the kind without a 

dial—will be a thing of the past. Already over ten million dial 
telephones are in service in various parts of the world. More than 
three-quarters of them depend for their successful operation on 
Strowger relays and remote-control switches. 

To modern business and industry this fact is important, because 
those very qualities which have led to the world-wide adoption of 
Strowger Dial Telephone Equipment have also created a demand for 
other Strowger products in the broader fields of communication, 
signaling and remote-control. 

Strowger P-A-X, for example—the accepted private telephone 
system—is based on Strowger relays and remote-control switches. 
These same essential elements are used in Strowger Police and Fire 
Alarm Systems, in the Strowger Power Supervisor's Board, and in 
Strowger Railway Communication Equipment. They are also important 
elements in the operation of elevators, traffic signal systems and 
power substations. They help to package food—to keep theatres 
filled to capacity—to centralize accounting in mercantile establish- 
ments—to set up stock market quotations. There is literally no end to 
the application of these Strowger devices. 

If your problem—no matter if it relates to the design of your prod- 
ucts or to your manufacturing processes—involves communication, 
signaling or remote-control over wires, we suggest that you consult 
the Strowger staff. They will be glad to analyze your needs and 
submit suggestions, entirely without cost or obligation to you. Or, if 
you would like information on any specific Strowger product, use the 
coupon below. 


ATTACH TO YOUR LETTERHEAD AND MAIL TO 


AUTOMATIC ELECTRIC INC., 1031 W. Van Buren St., Chicago 
Please send us bulletins on: 

(| Frivate Dial Telephone Systems 

(] Relays and Remote-Contro! Switches 

[] Fire Alarm Systems 

[_] Railway Communication Equipment 
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Index to Advertised Products 


AIR COMPRESSORS 


Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETER, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


ANCHORS, GUY 


Copperweld Steel Co., Glassport, Pa. 
Kearney Corp., Jas. R., St. Louis 


BATTERY CHARGING APPARATUS 
Electric Products Co., Cleveland 
Electric Specialty Co., Stamford, Conn. 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Ward Leonard Electric Co.,Mt. Vernon, N.Y. 
Western Electric Co., All Principal Cities 
Be eoneheuse Elec. & Mfg. Co., E. Pitts- 
urg 


BOXES, FUSE 
Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
yee risenouse Elec. & Mfg. Co., E. Pitts- 

urg. 


BOXES, JUNCTION 


G & W Elec. Specialty Co., Chicago 
General Cable Corporation, New York 
Metropolitan Device Corp., Brooklyn, N. Y. 


BRUSHES, COMMUTATOR 


Carbon 
Morganite Brush Co., Inc., L. I. City, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Copper Graphite 
Morganite Brush Co., Inc., L. I. City, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


BUS BARS, ALUMINUM 
Aluminum Co. of America, Pittsburgh 


BUS BAR FITTINGS 
Burndy Engineering Co., Inc., New York 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Railway & Ind. Engg. Co., Greensburg, Pa. 
BY patie stoitse Elec. & Mfg. Co., E. Pitts- 
urg 


BUSHINGS, PORCELAIN 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CABLE ACCESSORIES 
Dossert & Co., New York 
G & W Electric Specialty Co., Chicago 
General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 
Western Electric Co., All Principal Cities 


CABLE RACKS 
Metropolitan Device Corp., Brooklyn, N. Y. 


CABLES 
SEE WIRES AND CABLES 


CABLEWAYS 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


CASTINGS, ALUMINUM 

Aluminum Co. of America, Pittsburgh 
CIRCUIT BREAKERS 

Atr— Enclosed 

Condit Elec. Mfg. Corp., Boston 

I-T-E Circuit Breaker Co., The, Philadelphia 

Roller-Smith Co., New York 

Ward Leonard Electric Co.,Mt. Vernon, N. Y. 

Western Electric Co., All Principal Cities 


Ol 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Westinghouse Elec. 
burgh 


& Mfg. Co., E. Pitts- 


*s name on our 
4 mailing list 
'for bulletins 

~ and catalog? 


i 


\ 
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CLAMPS, GUY & CABLE 


Burndy Engineering Co., Inc., New York 
Kearney Corp., Jas. R., St. Louis 

Malleable Iron Fittings Co., Branford, Conn. 
Railway Ind. & Engg. Co., Greensburg, Pa. 


COILS, CHOKE 


American Transformer Co., Newark, N. J. 

General Electric Co., Schenectady 

Kearney Corp., Jas. R., St. Louis 

Railway & Ind. Engg. Co., Greensburg, Pa. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


COILS, MAGNET 


General Cable Corporation, New York 

General Electric Co., Schenectady 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


COMMUTATOR SEGMENTS AND RINGS 
Mica Insulator Co., New York 


CONDENSERS, RADIO 
General Radio Co., Cambridge, Mass. 


CONDENSERS, STEAM 


Allis-Chalmers Mfg. Co., Milwaukee 

General Electric Co., Schenectady 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONDUIT, UNDERGROUND FIBRE 
Western Electric Co., All Principal Cities 


CONNECTORS SOLDERLESS 
Dossert & Co., New York 
Kearney Corp., Jas. R., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONNECTORS AND TERMINALS 
Burndy Engineering Co., Inc., New York 
Dossert & Co., New York 
G & W Electric Specialty Co., Chicago 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Western Electric Co., All Principal Cities 
eeareree Elec. & Mfg. Co., E. Pitts- 

urg 


CONTACTS, TUNGSTEN 
General Electric Co., Schenectady 


CONTROL SYSTEMS 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 


CONTROLLERS 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Rowan Controller Co., Baltimore, Md. 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 
WestnaBouse Elec. & Mfg. Co., E. Pitts- 
urg 


CONVERTERS—SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


COPPER CLAD WIRE 
American Steel & Wire Co., Chicago 
Western Electric Co., All Principal Cities 


COPPERWELD WIRE 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corporation, New York 


CUT-OUTS 
Bull Dog Electric Products Co., Detroit 
Condit Electrical Mfg. Corp., S. Boston 
General Electric Co., Schenectady 
G & W Electric Specialty Co., Chicago 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


DIMMERS, THEATRE 
Ward Leonard Electric Co., Mt. Vernon, N.Y. 


DIVERTER POLE GENERATORS 
Electric Products Co., Cleveland, O. 


—< 
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' ELECTRIFICATION 


DYNAMOS 
(See GENERATORS AND MOTORS) 


DYNAMOTORS 
Electric Products Co., Cleveland, O. 
Electric Specialty Co., Stamford, Conn. 


SUPPLIES, STEAM 
ROAD 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, Ohio : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
ENGINEERS, CONSULTING AND CON- 
TRACTING 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 
ENGINES 


Gas & Gasoline 
Allis-Chalmers Meee Milwaukee 


4 

Allis-Chalmers Mfg. Co., Milwaukee 
Steam 

Allis-Chalmers Mfg. Co., Milwaukee 


FANS, MOTOR 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


FLOW METERS 
General Electric Co., Schenectady 


FURNACES, ELECTRIC 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


FUSES 
Enclosed Refillable 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Enclosed Non- Refillable 

General Electric Co., Schenectady 

Open Link 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 

High-Tension 
Metropolitan Device Corp., Brooklyn, N. Y. 
Railway & Ind. Engg. Co., Greensburg, Pa. 


FUSE MOUNTINGS 
Railway & Ind. Engg. Co., Greensburg, Pa. 


FUSE PULLERS 
Kearney Corp., Jas. R., St. Louis 


GEARS, FIBRE 
General Electric Co., Schenectady 


GENERATORS AND MOTORS 
Allis-Chalmers Mfg. Co.; Milwaukee 
Electric Products Co., Cleveland, O. 

Electric Specialty Co., Stamford, Conn. 

Electro-Dynamic Co., Bayonne, N. J. 

General Electric Co., Schenectady 

Wagner Electric Corp., St. Louis 

Weethiceense Elec. & Mfg. Co., E. Pitts- 
urg 


GENERATING STATION EQUIPMENT 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Watling touey Elec. & Mfg. Co., E. Pitts- 

urg 


GROUND RODS 
Copperweld Steel Co., Glassport, Pa. 
Metropolitan Device Corp., Brooklyn, N. Y. 


HARDWARE, POLE LINE AND INSULATOR 
General Electric Co., Bridgeport, Conn. 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


HEADLIGHTS 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh : 


organite 


( Brush Co., Inc. 
3302-3320 Anable Ave., 


© 
Long Island City, 
AK >. 
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An Electrical} 
Hair Trigger 


HE lightest touch. . imperceptible 

movement... most delicate con- 
trolling force.. and the powerful cur- 
rent is set to work. No arcing. No 
corrosion. No exposed spark. No hang- 
overs. No chattering. Only clean 
makes and breaks even at high speed. 
Such is the character and purpose of 
an entirely new conception of elec- 
trical contact now introduced as the 


ment of extended glass rod. Operates 
on movement of only 0.02 inch and 


force of less than 10 ounces. Rated at 


The simplest, most economical and 
practical means of controlling an elec- 
trical circuit. May be operated man- 
ually, mechanically, thermally or elec- 
tromagnetically. Operates in any 


position. Unaffected by moving or 


No strain on leads. Con- 


& amperes continuously, 8 amperes in- 
termittently, 220 volts. Handles up to 
40 breaks per second. 334 inches long 
by '/, inch diameter. Particularly ap- 


shaking. 
plicable to usual telephone type relay. 


tacts in vacuum, actuated by move- 
Descriptive literature, together with engj- 


neering service regarding application to any 


particular problem, available on request. 


BURGESS BATTERY COMPANY 


RADIOVISOR DIVISION: 295 MADISON AVENUE, NEW YORK CITY 
111 WEST MONROE STREET, CHICAGO, ILL. 
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Index to Advertised Products— Continued 


HEATERS, INDUSTRIAL 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INDICATORS, SPEED 


Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 


INSTRUMENTS, ELECTRICAL 
Graphic 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc.. New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Indicating 


Ferranti, Ltd., Hollinwood, England 

Ferranti, Inc., New York 

Ferranti Electric, Ltd., Toronto, Ont. 

General Electric Co., Schenectady 

Jewell Elec. Instrument Co., Chicago 

Roller-Smith Co., New York 

Sangamo Electric Company, Springfield, Ill. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 

Weston Elec. Inst. Corp., Newark, N. J. 


Integrating 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Sangamo Electric Company, Springfield, Ill. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 
Radio 

General Radio Co., Cambridge, Mass. 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 


Repairing and Testing 


Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 


Scientific, Laboratory, Testing 


General Electric Co., Schenectady 
ewell Elec. Instrument Co., Chicago 
etropolitan Device Corp., Brooklyn, N. Y. 
Roller-Smith Co., New York ee 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Weston Elec. Inst. Corp., Newark, N. J. 


INSULATING MATERIALS 
Board 


General Electric Co., Bridgeport, Conn. 
West Va. Pulp & Paper Co., New York 


Cloth 


General Electric Co.. Bridgeport, Conn. 
Irvington Varnish & Insulator Co., Irvington, 
N 


Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Composition 
American Lava Corp., Chattanooga 
General Electric Co., Bridgeport, Conn. __ 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Compounds 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago a 
Western Electric Co., All Principal Cities — 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Fibre 
General Electric Co., Bridgeport, Conn. 
West Va. Pulp & Paper Co., New York 


Lava 
American Lava Corp., Chattanooga, Tenn. 


Mica 
Mica Insulator Co., New York i 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Paper 
General Electric Co., Bridgeport, Conn. 
Irvington Varnish & Insulator Co., Irvington, 


IN ays 
Mica Insulator Co., New York 2 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Silk 
General Electric Co., Bridgeport, Conn. 
Irvington Varnish & Insulator Co., Irvington, 


-J- 
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INSULATING MATERIALS—Continued 


Tape 
General Electric Co., Bridgeport, Conn. 
eon Varnish &Insulator Co., Irvington, 


Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Okonite Co., The, Passaic, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Varnishes 
General Electric Co., Bridgeport, Conn. 
pevanenen Varnish & Insulator Co., Irvington, 


Mica Insulator Co., New York 

Minerallac Electric Co., Chicago 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATORS, HIGH TENSION 


Composition 
General Electric Co., Schenectady 
Glass 
Hemingray Glass Co., Muncie, Ind. 
Porcelain 
Canadian Porcelain Co., Ltd., Hamilton, Ont. 
General Electric Co., Schenectady 
Lapp Insulator Co., Inc., LeRoy, N. Y. 
Locke Insulator Corp., Baltimore 
Ohio Brass Co., Mansfield, O. 
Thomas & Sons Co., R., Lisbon, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Post Type 
Ohio Brass Co., Mansfield, O. 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATORS, TELEPHONE & TELEGRAPH 

Hemingray Glass Co., Muncie, Ind. 

Ohio Brass Co., Mansfield, O. 
INSULATOR PINS 

Ohio Brass Co., Mansfield, O. 

Thomas & Sons, Co., R., Lisbon, O. 
LADDERS, TRUCK 

Metropolitan Device Corp., Brooklyn, N. Y. 
LAVA 

American Lava Corp., Chattanooga 
LIGHTNING ARRESTERS 


General Electric Co., Schenectady 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LOCOMOTIVES, ELECTRIC 


General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LUBRICANTS 
Texas Company, The, New York 


MAGNETIC SEPARATORS 
Electric Controller & Mfg. Co., Cleveland 


METERS, ELECTRICAL 
(See INSTRUMENTS ELECTRICAL) 


METER SEALS 
Metropolitan Device Corp., Brooklyn, N. Y. 


MICA PRODUCTS 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


MOLDED INSULATION 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


MOTORS 
(See GENERATORS AND MOTORS) 


OHMMETERS 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York 
Weston Elec. Inst. Corp., Newark, N. J. 


OIL SEPARATORS & PURIFIERS 
Weetincnedse Elec. & Mfg. Co., E. Pitts- 
urg 


OIL TESTING SETS 

American Transformer Co., Newark, N. J. 
PANEL BOARDS 

(See SWITCHBOARDS) 


PATENT ATTORNEYS 


(See. PROFESSIONAL ENGINEERING 
DIRECTORY) 


PLATING GENERATORS 
Electric Products Co., Cleveland, O. 
Electric Specialty Co., Stamford, Conn. 


PLUGS 


General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


POLE MOUNTS 
Malleable Iron Fittings Co., Branford, Conn. 


POLE LINE HARDWARE 


General Electric Co., Bridgeport, Conn. 
Ohio Brass Co., Mansfield, O. 


POTHEADS 
G &W Electric Specialty Co., Chicago 
General Cable Corporation, New York 
Ohio Brass Co., Mansfield, O. 
Railway &Ind. Engg. Co., Greensburg, Pa. 


PUBLIC ADDRESS SYSTEMS 
Western Electric Co., All Principal Cities 


PUMPS 
Allis-Chalmers Mfg. Co., Milwaukee 


RADIO LABORATORY APPARATUS 


General Radio Co., Cambridge, Mass. 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RAILWAY SUPPLIES, ELECTRIC 


General Electric Co., Schenectady 

Ohio Brass Co., Mansfield, O. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REACTORS 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 


RECTIFIERS 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REGULATORS, VOLTAGE 
General Electric Co., Schenectady 
WY ostneh onze Elec. & Mfg. Co., E. Pitts-. 
urg 


RELAYS 
Automatic Electric, Inc., Chicago 
Condit Elec. Mfg. Corp., Boston 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Ward Leonard Electric Co., Mt. Vernon, N.Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Weston Elec. Inst. Corp., Newark, N. J. 


RESISTORS, VITREOUS 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 


RESISTOR UNITS 
General Electric Co., Schenectady 
Ward Leonard Electric Co., Mt. Vernon, N.Y. 
WSstinehouse Elec. & Mfg. Co., E. Pitts- 
urg! 


RHEOSTATS 
General Electric Co., Schenectady 
Ward Leonard Electric Co., Mt. Vernon, N.Y. 
Western Electric Co., All Principal Cities 
Woatiienouse Elec. & Mfg. Co., E. Pitts- 
urg 


ROPE, WIRE 


American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


SEARCHLIGHTS 
General Electric Co., Schenectady 


Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SLEEVE TWISTERS 
Kearney Corp., Jas. R., St. Louis 


SOCKETS AND RECEPTACLES 
General Electric Co., Schenectady 


Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SOLENOIDS 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 
Roller-Smith Co., New York 
Ward Leonard Electric Co.,Mt. Vernon, N. Y. 
Wy petenouse Elec. & Mfg. Co., E. Pitts- 

urg 


SOUND DISTRIBUTION SYSTEMS 
American Transformer Co., Newark, N. J. 


SPRINGS 
American Steel & Wire Co., Chicago 


STARTERS, MOTORS 
Condit Electrical Mfg. Co., Boston 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Rowan Controller Co., Baltimore, Md. 
Ward Leonard Electric Co.,Mt. Vernon, N. Y. 
Weatlngbotse Elec. & Mfg. Co., E. Pitts- 

urg 


STOKERS, MECHANICAL 
Westinghouse Elec, & Mfg. Co., E. Pitts- 
burgh 
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FERRANTI 


SURGE 
ABSORBERS| 


Ky 


RUINS 


Typical installation eo . 
of FERRANTI 
Surge Absorbers 


FERRANTI ELECTRIC, Ltd. FERRANTI, Inc. FERRANTI, Ltd. 
Toronto, Canada 130 West 42nd Street Hollinwood, England 
PTTTTVOUUAT CCH TUATUCONUUHUCHUCGTEUOT TCO MUUALULACUUUCEUUELUILOLLULLLE New York, N. be AT TUUTULUTLUUOLUORLGLLOAULAUUAUUGRUALCOLULAUEAUUATOGTEAOOLEGA COA LOA LONE ON TCAT UN OT TS TT 
LLL TET NIL LI TT IL ERT ETT T EB EES NEOGEO BEIT PIS SLOP ATH, 
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Index to Advertised Products— Continued 


SUB-STATIONS 


American Bridge Co., New York 

General Electric Co., Schenectady 

Railway & Ind. Engg. Co., Greensburg, Pa. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SWITCHBOARDS 


Allis-Chalmers Mfg. Co., Milwaukee 

Bull Dog Electric Products Co., Detroit 

Condit Electrical Mfg. Corp., Boston 

General Electric Co., Schenectady 

Metropolitan Device Corp., Brooklyn, N. Y. 

Roller-Smith Co., New York 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SWITCHES 
Automatic Time 


General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Disconnecting 
Bull Dog Electric Products Co., Detroit 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Railway & Ind. Engg. Co., Greensburg, Pa. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Fuse 
Bull Dog Electric Products Co., Detroit 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 


Knife 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Magnetic 

Electric Controller & Mfg. Co., Cleveland 
Ward Leonard Electric Co., Mt. Vernon, N. Y. 


Oil 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Remote Control 
Automatic Electric, Inc., Chicago 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Rowan Controller Co., Baltimore, Md. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TELEPHONE CONNECTORS 
Kearney Corp., Jas. R., St. Louis 


TELEPHONE & SIGNALING SYSTEMS 
Automatic Electric, Inc., Chicago 


TESTING SETS, HIGH VOLTAGE 


American Transformer Co., Newark, N. J. 
General Electric Co., Schenectady 


TOWERS, TRANSMISSION 
American Bridge Co., New York 


TRANSFORMERS 


Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Chicago Transformer Corp., Chicago 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis 
Sangamo Electric Company, Springfield, Ill. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 

Factory 
American Transformer Co., Newark, N. J. 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis, Mo. 
Wagner Electric Corp., St. Louis 

Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Moloney Electric Co., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


TRANSFORMERS—Continued 


Metering 
American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
Roller-Smith Co., New York 
Sangamo Electric Company, Springfield, Ill. 
Weston Elec. Inst. Corp., Newark, N. J. 


Radio 
American Transformer Co., Newark, N. J. 
Chicago Transformer Corp., Chicago 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
Sangamo Electric Company, Springfield, Ill. 


Street Lighting 
Kuhlman Electric Co., Bay City, Mich. 


TROLLEY LINE MATERIALS 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBINE GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBINES, HYDRAULIC 
Allis-Chalmers Mfg. Co., Milwaukee 


TURBINES, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBO-GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


VALVES, BRASS 
Gas, Water, Steam 
Ohio Brass Co., Mansfield, O. 


VARNISHES, INSULATING 
General Electric Co., Bridgeport, Conn. 
eon Varnish & Insulator Co., Irvington 


Mica Insulator Co., New York 

Minerallac Electric Co., Chicago 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WELDING MACHINES, ELECTRIC 
American Transformer Co., Newark, N. J. 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WELDING WIRES & RODS 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
Ohio Brass Co., Mansfield, O. 


WIRES AND CABLES 


Aluminum and A.C. S. R. 
Aluminum Co. of America, Pittsburgh 


Armored Cable 
American Steel & Wire Co., Chicago 
General Cable Corporation, New York 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Western Electric Co., All Principal Cities 


Asbestos Covered 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectad 
ee cmae eso Products Corp., New Haven, 
onn, 
Asbestos, Varnished Cambric 
Rockbestos Products Corp., New Haven, 
Conn, 
Automotive 
American Steel & Wire Co., Chicago 
General Cable Corporation, New York 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


WIRES AND CABLES—Continued 


Bare Copper 
American Steel & Wire Co., Chicago 
General Cable Corporation, New York 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Copper Clad 
American Steel & Wire Co., Chicago 
Western Electric Co., All Principal Cities 


Copperweld 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corporation, New York 


Flexible Cord 
American Steel & Wire Co., Chicago 
General Cable Corporation, New York 
General Electric Co., Schenectady 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


Flexible Cord, (Heater) Asbestos Insulated 
Rockbestos Products Corp., New Haven, 

Conn. 

Heavy Duty Cord 

American Steel & Wire Co., Chicago 
General Cable Corporation, New York 
Okonite Company, The, Passaic, N. J. 
Simplex Wire & Cable Co., Boston 


Fuse 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 


Lead Covered (Paper and Varnished Cambric 
Insulated) 

American Steel & Wire Co., Chicago 

General Cable Corporation, New York 

General Electric Co., Schenectady 

Kerite Ins. Wire & Cable Co., New York 

Okonite Company, The, Passaic, N. J. 

Okonite-Callender Cable Co., The, Inc., 
Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, N. J. 

Simplex Wire & Cable Co., Boston 

Western Electric Co., All Principal Cities 


Leads, Asbestos Insulated 
Rockbestos Products Corp., New Haven, 
Conn. 
Magnet 
Aluminum Co. of America, Pittsburgh 
American Steel & Wire Co., Chicago 
General Cable Corporation, New York 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Magnet, Asbestos Insulated 
Rockbestos Products Corp., New Haven, 


Conn. 
Rubber Insulated 


American Steel & Wire Co., Chicago 
General Cable Corporation, New York 
General Electric Co., Schenectady 

Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 

Western Electric Co., All Principal Cities 


Switchboard, Asbestos Insulated 
Rockbestos Products Corp., New Haven, 


Conn. 
Tree Wire 


General Cable Corporation, New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


Trolley 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corporation, New York 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Weatherproof 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corporation, New York 
General Electric Co., Schenectady 

Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling:s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 


burgh Western Electric Co., All Principal Cities Western Electric Co., All Principal Cities 

nn ii nn Mn 

Engineerin A reference library for engineers—contains 150,000 volumes—receives over At 

g 1,300 technical journals and periodicals on all branches of engineering. 
S = gs Searches are made upon engineering subjects, translations from foreign publica- : y 
ocieties tions, photostats made, etc. our 
L | B R A R y Books may be borrowed by members of the A.1.E.E. For information address, S * 
The Engineering Societies Library, 33 West 39th St., New York. ervice 
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You can telemeter remote stations 
at instrument speed and accuracy 


Station Total Station 
load load load 


LOAD SUPERVISOR'S OFFICE 


OUTLYING STATION OUTLYING STATION 


ING your load supervisor 


can read the instrument values 


volt-amperes; pressure of gas, oil, 


and water; levels of liquids; gate 


x 


recorded in distant stations— position; or any other condition 
TELEMETER 

right in his office, and practically that produces torque. 

instantaneously. The torque-balance tele- Torque-balance telemetering equipment 
metering system—one of the most recent when used in conjunction with supervisory 
General Electric switchgear developments control can be operated over the super- 
—operates at instrument speed and accu- visory wires. Such a combination provides 
racy over a distance up to 100 miles, and maximum efficiency of system control and 


requires only two wires, of telephone indication at a centralized place. Ask the 


size, for the transmission. nearest G-E office for publication GEA- 
It will indicate and record volts, amperes, 1438 and consider the detailed advantages 


and watts, either a-c. or d-c.; a-c. reactive of this General Electric achievement. 


JOIN US IN THE GENERAL ELECTRIC PROGRAM, BROADCAST EVERY SATURDAY EVENING 


ON A NATION-WIDE N.B.C. NETWORK 


96) 910-7 
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VACUUM THERMOCOUPLES 


rr 
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Technical Progress in the 
U. S. S. R. (Sovier Russi) 


Are you interested in the technical progress of 
the U. S. 8S. R.? Read the following period- 
icals in the Russian language, namely: 


Number of Cost Cost 
issues for for 
per year 6 months one year 


Westnik Elektropromishlennosti 

(Electrical Industry Herald).... 12 $1.55 §$% 3.05 
Westnik Elektrotechniki 

(Electro-Technical Rev.)....... PA EVO 83 SO) 
Elektrofikatzija 1 Elektromonteur 

(Electrification & Electroworker) 12 $1.30 $ 2.55 
Elektritscheskije Stanziji 


(Electrical Power-Station)...... IAT VO) 3 7 2X0) 
Elektritschestwo 
(Electricity). . 27 D2 530" 4 CO 


Elektritschestwo i Kolehos’ 
(Collective Farm & Electricity)... 12 $$ .80 $ 1.55 
Energetitsheskoje Obosrenije 


(Review of Hnergetics)......... 12 $6.05, $12.10 
Mashinist 
HERMOCOUPLES are one of the oldest and most (Engine-Driver)...........4+. 12 $ .80 $1.55 
effective means of measuring high-frequency current. Otoplenije i Wentiljatzija 

The new General Radio units are of the vacuum type (Heating & Ventilation)....... 12 $3.05 $6.15 

which have the advantage of sensitivity and freedom Teplo i Sila 
from ambient-temperature effects. WAC OUD CO TEDW) oo 600 0 «0 12, $3.85 $7.70 

They are supplied mounted in a felt-lined bakelite Westnik Kotschegara 

container fitted with plugs for plugging into a standard (Einemanis. Herald). aaa een Damo mOO 


mounting base. 
Write for details. 


You can subseribe to any of the above magazines 


through the 
GENERAL RADIO COMPANY 


Amkniga Corporation 


STVUIMUUUIAUUUILUUEILLOLEGILLUOOUEPLLULUUEAALLUOOEILLLOLULELLLCLOOOAOLUOLUGOULCLUGOIUCLUGGOUUGLOGHOUOOCCOOOTUOLOOOIOOCOOGHORUCOOOOATUOULUGHOULOCOAIIUCOUUAALUUOOOOALUCUUGOLULOOHALIMOCOHULUULOHILUUUOOAALULCOOIAILLCUOAALLULOOGATOTUOOMAUUOMHTT ECOG TCO ROOOOOUTTOOTT TT es 


Offices - Laboratories - Factory x 
CAMBRIDGE A MASSACHUSETTS = 19 West 27th Street New York City 
Sc cissineeconnadesius aan a helene taieaanentee 
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LIVING 


IDEALS 


THE Bell System is chiefly people. There is 
four billion dollars’ worth of telephone build- 
ings and equipment but what makes these 
dead things live is the organization, the skill 
and the ideals of the people who operate this 
vast plant. 

The System’s ideals of service are reflected 
through the employees in 24 regional operat- 
ing companies. Each company is adapted to 
the needs of its particular area. Each takes 
advantage of the improvements developed by 
the 5000 members of the Bell Laboratories 
staff. Each avails itself of the production 
economies of Western Electric, which manu- 
factures equipment of the highest quality for 
the whole System. Each makes use of the 


* AMERICAN 


ELE Pan ON.BoeA ND 


general and technical staff work done by 
American Telephone and Telegraph. 

The spirit of the people comprising this 
organization is also shown in the attitude of 
the System toward its business. Its policy is 
to pay a reasonable dividend to stockholders; 
to use all other earnings to improve and widen 
the service. There are more than 600,000 
American Telephone and Telegraph Com- 
pany stockholders ... and no one person owns 
so much as one per cent of the stock. 

The ideals of the Bell System are working 
in your interest every time you use the tele- 
phone. Through them, you get better and 
better service and constantly growing value 
for your money. 


EEL IEGR APM. COMPANY 1k 
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Over 900,000 Reactor Kva Ratings Manufactured 


Generator 
Reactors 


Feeder Reactor 


INSTALLATIONS 


Brooklyn Edison Co. 
Chicago, Lake Shore & So. Bend R. R. 


Consolidated Gas, Elec. Lt. & Pr. Co., 
Baltimore 


Illinois Steel Co. 

Merced Irrigation District 

INMATE suds, Come pCa, GOs 

Potomac Electric Co, 

Tennessee Power Co. 

United Electric Lighting Co. 

Union Gas & Electric Co., Cincinnati 

Warren & Company 

Yonkers Electric Light & Power Co. 

Hydro Elec, Pwr. Comm. of Ontario 

Victoria Falls & Transvaal Power Co. 

Havana Electric Light & Power Co. 

Brooklyn Manhattan Transit Co, 

New York Power & Light Corp. 

Dayton Power & Light Co. 

Edison Electric Illuminating 
Boston 

Interborough Rapid Transit Co. 

Ay York & Queens Elec. Lt. & Pr. 
wO. 

Public Service Electric Co. of N. J. 

United Elec. Lt. & Pwr. Co., N. Y. 

Union Elec. Lt. & Pr. Co., St. Louis 

Westchester Lighting Co., N. Y. 

Shawinigan Hydro Elec. Pwr. 
Canada 

French General Electric Co., France 

Bronx Gas & Electric Co, 

Carnegie Steel Co. 


Goi, 


Co.,, 


PIONEERS IN REACTOR PROTECTION 


Metropolitan Device Corporation 
1250 Atlantic Avenue, Brooklyn, N. Y. 


cperheree a llc ene as er ae ae Ee Ee 


= 


Bus-tie Reactors 


PAY 
BIG 
DIVIDENDS 


Four advantages which will 
interest you: 


1. Highest all-year efficiencies. 


2. Highest short circuit protec- 
tion. 


3. Lowest temperature rises. 
4. Smallest space requirements. 


We ask only permission to show 
what Murray Low Loss Reactors 
will do. Our engineers will be 
pleased to lay out a_ protective 
system for you that will answer 
your particular requirements. 


URRAY 
ow Loss* 
eactors 


INSTALLATIONS 


Commonwealth Edison Co. 
Detroit Edison Co. 
El Paso Power & R. R. Co. 


Kings County Gas & Elec. Co., 
Brooklyn 


New York Edison Co. 
Philadelphia Electric Co. 
Southern Wisconsin Power Co. 
Turners Falls Power Co., Mass. 
Utica Gas & Electric Co. 
Youngstown Sheet & Tube Co. 
Calgary Municipal Elec. Co. 
Public Works Dept., N. Z. 
Cataluna Power Co., Spain 
National Tube Co. 

American Brown Boveri Corp. 


Northwestern Electric Co., Port- 
land, Ore. 

City of Tacoma 

Southern California Edison Co. 

City of Seattle 

Stone & Webster Properties 

Allied Engineers, Inc. 

Gary Heat, Light & Water Co. 

Tenn. Coal Iron & R. R. Co. 

New York Dock Co. 

Packard Motor Car Co. 

Public Service Co. of No. Ills. 

Vacuum Oil Co. 

Calco Chemical Co. 

Sydney Municipal Power Plant— 
New So. Wales 

New Orleans Public Service Co. 

Houston Power & Lighting Co. 


Indoor Type 1 METROPOLITAN DEVICE CORPORATION 1 Feeder Reactor 
| 1250 Atlantic Avenue, Brooklyn, N. Y. I Outdoor Type 
| Send 32 page booklet—‘‘Reactor Protection.” 

I 

p Names. cn. hee vse ween etait ear eenenner (GOMDANY ware cies herisieke she cree | 
1Jol-y en) lo) WORSE EC MP CEIE PET rCon MIN AIMS CAC PAT AES: 31 scyersia overs ern relive oie cee Ree Renee 
— Se ee ee eee ee ee ee eee eee ee ee eee eee ee ee ee ee ee ee ee ee 
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OKOSHEATH 


UNDERGROUND CABLE 


a progressive product for new trends 


UITABLE for installation 

in conduits or directly in 
the ground, Okosheath is a 
non-metallic sheathed cable 
for secondary networks, build- 
ing services, parkway lighting, 
industrial plants, airports, rec- 
reation fields and other low 
voltage, underground distri- 
bution. 


eee = The construction of Okosheath 

Leone eran Cable is simplicity itself, for 

this cable consists simply of 

the conductor and a special rubber sheath which serves 

both as insulation and mechanical covering. A line- 
man can splice it. 


The specially treated rubber of the sheath is impervious 
to moisture and to earth acids and alkalies. 


The favorable burn-off characteristics of Okosheath 
Cable make it particularly useful for secondary networks. 


Okosheath Cable is clean, smooth, flexible, easy to 
handle, bend and splice. Light in weight, small in 
diameter, requiring smaller reels, it saves freight and 
space. 


Okosheath Cable has been produced in a progressive 
spirit to meet the new requirements of power distribu- 
tion. Its possibilities are quickly being recognized by 
the Industry. 


Samples of Okosheath Cable and prices will gladly be 
furnished upon request. 


ONLY 2 PARTS 


1.—The One-Piece 
Sheath 


2.—The Conductor 


/ 
Ve 


THE OKONITE COMPANY 


Founded 1878 
THE OKONITE-CALLENDER CABLE COMPANY, INC. 


Factories: Passaic, N. J. Paterson, N. J. 


SALES OFFICES: NEW YORK CHICAGO PHILADELPHIA PITTSBURGH ST. LOUIS 
BOSTON ATLANTA SAN FRANCISCO LOS ANGELES SEATTLE DALLAS 
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Vimew oF Upper Gun Dercx 
WITH ITS Maze OF RIGGING 


by BULL DOG 


SUPERBA 
Lighting Panel 


SAFtoFUSE 
Feeder Panel 


The U.S. S. *‘Constitution,’’? since the War 
of 1812 America’s most renowned and. be- 
loved man o’ war, is sailing the seas again 
this summer. Because this historic frigate 
has become a floating national shrine, its in- 
terior is now electrically illuminated so that 
its thousands of visitors can view the ship in 
detail. BULL DOG is proud of the fact that 
their SUPERBA Lighting Panels and Safety 
Switch make “Old Ironsides”’ lighting 
equipment as up-to-date as that of the most 


modern industrial or office building. 


BULL DOG ELECTRIC 
PRODUCTS COMPANY 


Detroit, Michigan 


In Canada: 
Bull Dog Electric Products of Canada, Ltd., Toronto, Ont. 


SAFETY SWITCH Bus-DUCT | 


